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ABSTRACT 


Project 2.65 studied the fallout resulting from three land~surface 
shots, two water-surface shots, and one air burst to: (1) obtain fall 
out samples and perform radiophysical and radiochemical measurements on 
the samples; (2) prepare dose-rate contours in the immediate area of the 
etoll from information gathered by this project, other projects, and 
Rad-Safe; and (3) evaluate the role of base surge in the transport of 
radioactive material. 

Time incremental and gross fallout samples were collected on islands 
of Bikini Atoll, on a barge in Bikini Lagoon, and on three ships in the 
downwind fallout area following Cherokee, an air burst; Zuni and Tew, 
lend=surface shots; and Navajo and Flathead, wetersurface shots. Gross 
fallout samples were collected on islands of Eniwetok Atoll following 
Lacrosse, & land=surface shot. 

Contamination levels existing at specific points on the islands were 
measured following/Shots lacrosse, Zuni, Flathead, Mohawk, Navajo, and 
Tewa by the lowering of a probe from a helicopter to a distance of 3 feet 
from the ground surface. 

Basessurge detectors)'c ing basically of a photovoltaic cell 
upon which a Hight beam was focused, were installed at a few close-in 
stations for Zmi, Flathead, Navajo and Tewa. 

No fallout over the atoll was observed following the Cherokee air 


‘drop. All fallout collectors were monitored, as was a dirt sample from 


the intended ground zero, but no activity was detected. 

Preliminary analysis of the fallout samples from the other events 
provided information on the gamma dose rate decay; the beta decay rate; 
the weight, activity, radiochemical composition, time of arrival, rate, 
and duration of fallout; and on the nature of Individual fallout perti- 
cles, There was good agreement between early field ani laboratory dose 
rate decay slopes. The decay exponent for Lacrosse was about =1.35; 
for all other events, the decay exponent fluctuated aromd ~1.0. 

The fallout resulting from the weter-swrface shots differed in 
nature from that of the land-surface shots. In the case of Flathead, 
most of the activity was associated with a slurry, or mid, which con 
tained CaC03 particles, Fe203 particles, and NaCl crystals. In the 
case of Navajo, most of the activity was associated with liquid fallout 
and with e slurry of NaCl crystals. The Lecroses and Zuni fallout, on 
the other hand, consisted chiefly of particles derived from coral, In 
the samples examined for Lacrosse and Zuni, a large majority of the 
particles making up the fallout were radioactive throughout their volume. 

The capture-to-fission ratios varied with type of fallout and dis- 
tance fron ground zero, Furthermore, the cloud samples from Zumi and 
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Lacrosse had lower ratios than the solid fallout, The activity per unit 
— . weight of fallout resulting from lend=eurfaca bursts was.higher at dig= 
tant stations than at relatively close-in-stations. 
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An aerial survey instrument provided a practical means of determin- 
ing precise contamination levels at surface locations in a higt»-radiation 
field. ‘The mexcimm radiation intensities measured on the ground near the : 
Lacrosse and Mohawk craters were higher than those reported after any 
previous nuclear detonation. Consistent H+] hour dose rates from 10,000 
to 13,000 r/hr were obtained in the neighborhood of the Mohawk crater, 
No results are available at this time on the evaluation of the role 
of base surge in the transport of radioactive material, 
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FOREWORD 


This report presents the results of one of the 48 projects partici= | 
pating in the Military Effects Program of Operation REDWING, which in- 
cluded 17 test detonations. 

For readers interested in other pertinent test information, refer= 
ence is made to ITR-1344, Summary Report of the Commander, Task Unit 3. 
This sumary report includes the following informution of general inter= 
est: (1) an overall description of each detonation, including yield, 
height of burst, ground zero location, time of detonation, and ambient 
atmospheric conditions at detonation; (2) a discussion of all. project 
results; (3) a summry of each project, including objectives and results; 
and (4) 0 complete listing of all reports covering the Military Effects 
Progra. 
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1.1 OBJECTIVES 


The work performed during Operation REDWING by Project 2.65 was a 
logical extension of fallout studies conducted during previous miclear 
tests. The project was responsible for land fallout studies, one phase 
of an extensive program on fallout. The studies should help to increase 
the knowledge of wapon effects ani provide measurements of value in the 
construction and evaluation of fallout~prediction models. 

The objectives of Project 2.65 were to: (1) obtain fallout samples 
on land and perform radiophysical and rediochemical masurements on the 
samples; (2) prepare dose-rate contours in the immediate area of the 
atoll from information gathered by this project, other projects, and 
Rad=Safe; and (3) evaluate the role of the base surge in the transport 
of radioactive mterial. 


1.2 MILITARY SIGNIFICANCE 


: When 8 nuclear explosion occurs on or near the surface of land or 
water, radioactive debris is later deposited over the surface as fall- 
out. This contamination constitutes a radiation hazard which mst be 
considered in both offensive and defensive planning. Many offensive 
and defensive procedures pertinent to the use of nuclear weapons depend 
upon accurate definition of the extent and location of the radioactive 
area. Som of the present work was designed to determine the residuale . 
radiation patterns resulting in the immediate area of the atoll so that, 
in combination with other projects, complete residual-radiation patterns 
could be developed. 

It is also important to be able to predict the fallout, including 
dose-rate contours, time of arrival, rate of arrival, duration, and rate 
of decay. For this purpose several egencies have proposed prediction 
models (Reference 1). In order to evaluate these models, the effects 
listed above mst be documented during tests of nuclear devices. The 
various falloui-prediction models are based on different assumptions 
regarding the nature of the bomb clowl, These assumptions are neces 

. sitated by the lack of basic input data; e.g., particle-size distribution, 

' distribution of activity with particle size, and spatial distribution in 
the cloud. Some of these data can be measured directly on fallout samples, 
but others mast be derived from fallout measurements in conjunction with 
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meteorological data, ects soos 
: The information available on the contamination levels within the... ......-.—— 
> ' axed of complete destruction for cntamineting-typs bursts of nuclear 
: devices is sketchy. This 1s particularly trus for the first few hours 
efter burst. According to the "Capabilities of Atomic Weapons" (Refer~ > 
ence 2), the mximm residual radiation intensities observed on the groumd 
at a reference time of H+1 how have been more than 3,000 r/hr and leas 
than 10,000 r/hr for surface bursts of melear weapons. The information j 
available from reports on previous atomic weapon tests Indicates that the 
apparent maximum dose rate varies only from 6,000 r/hr to 8,000 r/br at 
1 hour, despite a ten~thousamfold variation in yield, In most instances 
these 1+ 1 hour maximm dose-rate values have been caloulated from read~ 
- ings obtained at a mich later time and have not taken into account the 
contribution of any short-lived induced activities. These figures need 
confirmation in order to estimte the period of denial for areas where 
early occupency for short time intervals is necessary and to determine the 
effect upon continued occupancy or exit from underground fortifications, 
Participation of this project in the test of an aimburst weapon in 
the megaton range was included because of the military importance of 
determining whether such a burst results in significant fallout contamine- 
tion. 


& 
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1.3 BACKGROUND 


1.3.1. Dose-Rate Contours. Documentation of fallout from surface . 
and subsurface nuclear detonations has been conducted at previous test 
operations. The phenomenon was first observed following the TRINITY test 
at Alemegordo, New Mexico, in 1945 (Reference 3). Since that time, through 
Operations JANGIE, IVY, CASTLE, and TEAPOT, it has become well established 
that the residual gaumeradiation hazard resulting from fallout mst be 
considered seriously as a problem of military significance for all types 
of detonations, except where the fireball does not tonch the surface of 
the earth, Prior to Operation REDWING, an air burst of a miltimegaton 
weepon had not been conducted, and the amount of contamination resulting 
from such a detonation needed to be established, 

Fallout was first fully documented during JANGIZ, although limited 
data were obtained during CROSSROADS and GREENHOUSE, After CROSSROADS, 
the residual, gemma radiation from a nuclear detonation was first reported 
as theoretical dose-rate contours (Reference 3). The first comprehensive 
study of fallout forecasting was made during GREENHOUSE (Reference 4). 

The latter study revealed correlation of the residual contamination fron 
the Dog and Easy tower shots with the wind profiles, 

In the JANGIE fallout stuiies, data were obtained to a distances of 
several miles from ground zero (Reference 5). Contamination petterns 
for both the surface shot (1.2 Rt) and the underground shot (1.2 ET, at a 
depth of 17 feet) were reported as dose-rate contours (Reference 6). san 

The radioactive fallout from tower shots during Operations TUMBIER- - 
SNAPPER and UPSHOr-KNOTHOLE was plotted as dose-rate contours by use of 
the data from the radiological mmnitoring logs of the Rad—Safe ground and 
air surveys (Reference 7). 

The distribution, tims of arrival, ani early rate of fallout were 
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measured during Operations IVY (Reference 8) and CASTIE (Reference 9). . 
The residualeradiation hazard remulting from the fallout of radioactive 
particles generated in tle sirface detonation of very high yield nuclear 
weapons was demonstrated during CASTLE (Reference 10), The fallout involwm 
Z ed vast areas extending well beyond those areas affected by damaging blast 
and thermal effects, Radiation levels of military significance were found 
: to exist at dowmwind distances greater than 180 miles, 
. ; During Operation TEAPO?, measurements of groumd and serial radiation 
as intensity following Shot 7 (1.2 Kt, at a depth of 67 fect) were used to 
arrive at closed contour lines for B+1 hour dose rates of 100 m/hr or 
higher (Reference 11). This test marked the first use of a newly devil 
oped aerial~survey instrument to give rapid and accurete determinations of 
dose rates at the 3-foot level. The aerial=survey instrument (Reference 
12) consisted of an external probe operated at the end of a special 500+ 
foot cable, which was lowered from a helicopter. This instrument was sub- 
sequently improved and used during this operation to give rapid and ao- 
curate determinations of dose rates above land stations where excessive 
contamination would prohibit surface entry. — 

During Operation TEAPOL, a preliminary evaluation was made of a tech= 
nique for calibrating a laboratory gamma~detecting instrament to obtain 
the infinite field dose rate from a small sample. The results were prom | 

- Ising, but a need was indicated for same further work, 
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1.3.2 Particle Characteristics. Extensive measurements of the size 
on activity of fallout particles were made during previous 
tests of nuclear devices, but the definitive input data required far 
fallout~prediction models were not obtained. : 
As a theoretical approach to the problem of deriving basic input : 
data, attention has been given to the mechanism of particle formation. 

. Radiochemical analyses of the solid fallout during JANGIE (Reference 13) 
and CASILE (Reference 14) demonstrated the dependence of radiochemical 
composition on particle size and the fact that different radionuclides i 
were associated with the particles in different ways. These phenomena 
are often referred to as fractionation. Interpretation of these results, | 
along with the microscopic examination of particles, has led to preliminary | 
ideas about particle formation. Additional data were needed to check the 

| CASTLE results and to further develop these ideas, | 

Radiochemical analyses performed on_the fallout from Shot 7 of Opera~ 

tion TEAPO! indicated a constant Sr70/BelA0 ratio (Reference 15). If this 
retio is reproducible for nuclear devices which differ in yleld and con 
ditions of detonation, the Sr? level in bomb debris could be rapidly 
estimated by Bal40 » ‘This procedure would be advantageous because 
the concentration of Ba¥0 is much easier to determine than of Sr, Op- 
nig REDWING provided an opportmity to test the reproducibility of the 
retio. ; 

A 2.3.3 Base Surge, When the colum from ea subsurface detonation sub. _ 

; sides, it my produce a dense cloud, called the base surge, which flows 
radially along the surface with a high initial velocity. As it decreases 

‘ in density and velocity, the base surge gradually rises from the surface 

; to form a low cloud. 
i The base=surge phenomenon was first observed during Shot Baker of 
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Operation CROSSROADS (Reference 3), Since it was an unexpected occurrence, 
Little in the wy of base~surge date was. obtained, and conflicting con 
clusions were drawn concerning the role of the bese surge in carrying ao= 
tivity. Documentation of the base surge was first carried ont systemii= 
cally during the JANGIE widerground shot, but only a limited amount of 
information wes obtained. Basic physical effects deta vere obtained, but 
the question of base~surge activity was not resolved. An anAlysis of the 
time of arrival of activity, radiochemical data, photography, and all 
other availeble information from the underground shot during TEAR in= 
dicated that the base surge was the y carrier of activity in the up 
wind and crosswind directions (Reference 4). It is unknown whether the 
high-yield surface detonations of Operations IVE and CASTILE produced a 
base surge. Attempts to sample base surge during Operation CASTLE were 
thwarted by the destruction of the reft measuring stations by heavy seas. 

The ideas on particle formation developed from the results of Opera= 
tion CASTLE, in conjunction with the accepted model of base surge form 
tion, indicated that a radioactive base surge would be deficient in gase= 
ous precursor meltdes, such as Sr59 and 0, (Sr89 and Bal4O have 2,6 
m and 16 s Xe+4" parents respectively.) Because of the chemical 
inertness of these gases, they cannot become appreciably associated with 
perticles until some decay has taken place. Henes, material which leaves 
the clowl very early should be deficient in these melides (Reference 16). 
The TEAPOE results appear to confirm this theory, but the umsual nature 
of the test makes it inadvisable to extrapolate the results to detinations 
at a lesser scaled depth, 


1.3.4 Salted Weapons, Proposals have been mide recently to salt 
thermonuclear weapons by incorporating into them elements whose neutron 
capture products would control the radiological hazard of fallout (Refer~ 
ence 17). Small amounts of several. candidate elements were placed in the 
Navajo device during REDWING in order to evaluate the feasibility of seli~ 


ing. Sam of these elements were incidentally included in the Zuni device, 


but in less favorable locations. Radiochemicul analyses for the reaction 


' products were necessary for the estimation of the efficiency of the proo- 
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CHAPIER 2 
PROCEDURES 


2.1 EXPERDENT DESIGN 


Project 2,65 was designed to determine the close-in contamination 
levels resulting from.several of the shots of the REDWING series and to 
collect information regarding the nature of the fallout mterial, tine 
of arrival, rate and duration of fatlout, and the formation and signifi= 
cance of base surge for high yield surface bursts. 

Full participation of this project in weapon tests held at both 
Bikini and Eniwetok Atolls was impractical because of overlapping shot 
schedules and the consequent necessity for a duplication of field equip~ 
ment and personel on the two atolls. Because of greater interest with- 
in the Department of Defense in the results of the detonations of high- 
yield weapons, Project 2.65 emphasized participation in the Bikini shots. 
but did also participate, on a limited basis, in two shots at Eniwetok. 
Project participation was thus limited to seven shots: Cherokee, Zuni, 
Flathead, Navajo, and Tewe (at Bikini), with yields ranging from ap- 
proximately 1/3 to 5 MT; and Lacrosse and Mohawk (at Eniwetok), with 
yields of approximately 38 ET and 350 KT, respectively. 

Contamination levels existing at specified points were measured on 
the day of the shot by & probe lowered from a helicopter to within 3 feet 
of the ground surface, and at later times, by ground survey parties. In 
addition, Signal Carps recording dose-rate meters were installed at or 
near Project 2.65 stations through coordination with Project 2.2. 

Sample collection on Bikini Atoll was accomplished by using three 
types of collectors: (1) the intermittent fallout collector (IFC), 
which collects 22 time-incremental samples; (2) the gross fallout col- 
lector (GC), which collects samples for a od of 11 hours after 
shot; and (3) the tape fallout monitor (TFN), which collects samples on 
a sticky tape which moves periodically to expose new collection surfaces. 
The sampling tape monitor was developed to corroborate the tine-of.ar- 
rival data of the intermittent fallout collector and to establish the 
time of cessation of fallout. These instruments were actuated by an 
Edgerton, Germeshausen, and Grier, Inc. (EG&G) blue bax, which responds 
to the light from the bomb. 

The. base=surge detector consists basically of-a photovoltaic cell 
upon which e light beam is focused. The passage of the base surge de= 
creases the light intensity reaching the photovoltaic cell, A Brown 
recorder comected to the cell produces a permanent record of changes in 
the light intensity. This instrument indicates the time of passage and 
relative density of the base surge, if it exists at the stations selected, 
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An H=1 mimuite wire signal was ‘used to actuate ‘the pase=surge indicator. 
: A description of ell field instruments used by ‘this Project is in- 
z eluded in Appendix A, = _- 
The basic station layout for Bikini Atoll is shown in Figure 2.1, oe 
This layout was planned to provide for maximm coverage of the islands 
with a minimm of equipment movement from shot to shot, The station on 
Site Charlie was not instrumented until after Shot Cherokee, the Uncle 
station was not used for Zuni, and the Dog station was removed prior to 
hy For Tewa, the YFNB=29 was moved to the western portion of the 
goon. 
Instrumentation of the stations for each of the first three Bikini 
events is show in Table 2,1 and, for Navajo and Tewa, in Tables 2.2 and 
2.3. In general, were two intermittent fallout collectors were placed 
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at the sam station, one wis set to collect a series of 5-minute samples, 
while the other collected 30-uinnte samples; however, for stations within 
the possible base~surge area, 1- and 30-minute samples were collected. 

Distances and azimrths of stations from ground zero for each of the 
Bikini shots in which the project participated are shown in Table 2.4. 

In addition to the stations on Bikini Atoll, a station was estab- ; 
lished at Rongerik Atoll end was instrumented with a distant gross fall~ ki 
out collector (DGC), a tape fallout monitor (TFM), and two asrosol filter 
samplers. Details of construction and operation are given in Section 4.5 
(Appendix A). These instruments were actuated manually by persomel of " 
the Rongerik weather station. They were operated during the period from 
H+2 to Ht 26 hours for shot Zuni. 
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An intermittent fallout collector, a gross fallout collector, and a 
Froject 2.2 dose-rate recorder were placed on_the Project 2.63 instmment- 
Platforms locdted on the landing ship, LoT~6l1, and the converted Liberty 
Ships, YAG-39 and TAG-40, ae 

Instrumentation of Eniwetok Atoll for Lacrosse was limited to Sites 
Leroy, Wilma, Yvonne, and Mack (Table 2.5 and Figure 2.2). Each of these 
stations included a gross fallout collector and a Signal Corps film pack 
et. Since participation during Mohawk was Limited to aerial survey, no 
stations were instrumented for the shot. 


2.2 FIELD OPERATIONS 


2.2.1 Installation of nt. Installation of equipment at the 
station locations was begun areinetely 30 days before the ready date 
for the first event. Bach station was located in a cleared area on the 


TABLE 2.2 INSTRIRENTATION OF PROJECT 2.65 STATIONS FOR NAVAJO 
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part of the island site where water-wave immdation ws least likely to 
occur, i.e., on the highest part of the island and on the side farthest 
from the nearest ground zero. 

The arrangement of the instruments at a typical land station is 
shown in Figure 2.3. The intermittent fallout collectors were placed 
within concrete support foundations so designed that the collecting trays 
were approximately 2 feet 8 inches above the surrounding ground level. 
Where more than one collector ws placed at a station, they were 10 fee 
a center to center. 

fach gross fallout collector was mowted on a concrete base adjacent 
to the intermittent fallout collector and was bolted to one end of the 
foundation for the intermittent fallout collector. The opening of each 
enllector was approximately 4 feet above ground level. 

Each tape fallout monitor was bolted to the top of the foundation 
used for the intermittent fallout collector so that the collection surface 
was about 4 feet above ground level. 


21 


Se - egpasnetiee pee 


_ UNCLASSIFIED. : 


UNCLASSIFIED» 


The base surge indicators were mite tes same cleared areas, ap-. 
tely 10 feet away from the other ruments, = Cen ee 
ae Tastealle 2 stLon of aquijment on the WNB=~29 bargs is shown in Figure 2,4. . 


20202 Aerial Survey. Asrial survey points on the islands of each , 
atoll were located prior to the first event through the use of aerial 
photographs, maps, and visual reconnaissance, These points were selected 
on the basis of the availability of cleared areas ani the proximity of : 
these areas to the center of the island, 
The aerial survey instrument described in Appendix A was calibrated 
before each shot on the Project 2.1 calibration range at Site Elmer, ‘The 
instrument was then shipped to Bildni for installation in the survey 
helicopter. At the coupletion of the survey for each shot, the instru~ 
ment was returned to Elmer, and the calibration procedure ves repeated 
in order to mike certain that no change had occurred during shipment and 
use in the field. : 


TABLE 2.3 TISTRIMENTATION OF FROOECT 2.65 SRATIONS FOR TEWA 
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began on Site Elmer and Procseded around the atoll until the Scrtiorn 


De2 days for each shot, 


The probe was lowered through the side door of the He19 helt, 
as it hovered at an altitude of about 600 ! copter Se. 
te sre thn the feet above @ check point oti 
ata eet above the surface and a reading was taken. Th PETE 
tor then reeled in a portion of the cable, and the heltcopter moved Lo ‘ 
the next check Point, where the procedure ws repeated. Figure 2,5 shows 
the probe and tripod Support being lowered from a Survey helicopter, 
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Figure 2.3 Project 2.65 station showing two intermittent 
fallout collectors (IFC), one gross fallout collector 
(GC), ani one base~surge detector (BSD). 


Figure 2.4 Project 2.65 station on IFNB-29, showing é 
tape fallout monitor (IFM), gross fallout collector 
(GC), and intermittent fallout collector (IFC). 
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Figure 2.5 Probe and tripod being lowered from H~19 helicopter. 


Conversion factors for changing dose-rate readings for various ale 

titudes above ground to the equivalent reading at the 3-foot level were 
- obtained by taking gamma dose-rate readings at various altitudes above 

Site Charlie. These readings were obtained by raising the probe to 
successively higher levels as the helicopter hovered at ite initial alti- 
tude. Conversion factors as obtained were not directly used for the 
present analysis, hich uses the readings taken at 3 feet. These data, 
combined with other factors which take into account the geomiry of the 
activity will eventually provide a basis for correlation between readings 
taken at an altitude above the groud and those taken at 3 feet. 

For Shots Lacrosse, Mohawk, and Zuni, readings were taken as close 
to the crater as was consistent with safety-to personnel in the helicopter. 


2.2.3 Recovery of Samples. Two gross fallout samples were recove 
ered by helicopter on Deday for each Bikini shot. These samples were 


obtained as early as possible, so that early decay measurements could be 
started. The remining samples from the gross fallout collectors, the 
intermittent fallout collectors, and the tape monitors on the islend 
stations were recovered on D+1 day after each event. ‘Samples from the 


For Shot Lacrosse, all samples were available for analysis on D1 
; day. 
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2.3 ANALYTICAL PROCEDURES 


2.3.4 Aerial Survey. The raw aerial survey data were corrected by’ 
means of the instrument calibration curves which were obtained prior to 
each shot. Details of the calibration procedure, along with a typical 
calibration curve, are given in Appendix A. Field gamma decay curves 
were taken then drawn for several of the islands included in the survey 
by use of the values obtained between D-day and D+2 days. The decay ax 
ponent for each set of readings was then obtained, and the average value 
was used for correction of the measured dose-rate readings to the equiv 
alent H+] hour values. 

Conversion factors for changing dose-rate readings for various al- 
titudes above ground to the equivalent reading at the 3foot level were 
obtained by the plotting of the ratio of ground reading to altitude read- 
ing against probe height above gromd, 


2.362 Weight and Activity of Fallout. The intermittent fallout 
samples were were care ed from each tray into the at- 
tached bottle, and the total weight of the sample was determined by stand= 
ard balance techniques. A portion of each sample to be used for activity 
analysis was then placed in a previously weighed, stainless-steel cup and 
the weight determined. The amount of the sample taken was kept between 
5 and 10 mg, in order to minimize self-absorption in the sample. The 
sample was then counted in precision beta-counting equipment. The comt- 
ing equipment and procedures and the corrections necessary for determin~ 
ing activity in disintegrations per minute are described in Appendix B, 

Intermittent-fallout samples which contained both liquid and solid 
were filtered using the Fisher filtrater and Whatman No. 42 filter paper. 
The filter paper was ashed, and the wight of the residue was determined. 
Portions were then taken for activity analysis as described above. The 
total yolum of the filtrate was obtained and aliquots of from 1 to 1,000 
lambda” (depending on the specific activity) were pipetted into stainless 
steel counting cups. These cups were dried under infrared lamps and comt- 
ed in the usual manner. 

Samples from the gross-fallout collectors were first weighed and an 
aliquot taken for beta activity par unit weight. These samples were 
treated in the same manner as the IFC samples described above. Weight 
and activity per unit area of sampling surface were then plotted as a 
function of particle size, 

The portion of several gross~fallout-collector samples remaining 
after aliquots were taken for beta activity per unit weight, beta decay, 
and gammpedose-rate decay were size-separated with U. 5. standard sieves. 
The sieving separated the particles into the following size ranges: 

0 to AA pb, 44 to 74 B, 74 to 105 B, 105 to U9p, 19 to 210p, 210 to 
420%, 420 to 8,04, and greater than &0%. All size ranges were weighed, 
and an aliquot of each was placed in a stainless-steel counting cup and 
weighed again, From these weights and the activity of the aliquots, ac- 
tivity versus particle size for the fallout samples was obtained. 


pt lambda = 1976 liters. 
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TIBIZ 2.4 DISTANCES JN FEET AND ACDWIS CF PROJECT 2,65 SPATIONS 
FROM GROUND ZERO FOR BININI alors 


2.3.3 Particle=Siimze Measurements. Portions of all size~graded 
samples were placed on NIB stripping film mounted on plastie mings for 
radioautography. A mixture of xylene and silicones wis added to hold the 
sample in place, and the sample was exposed for 2% hours, All NIB film 
wes processed at the test site and returned to the Army Chemical Center - 
for analysis. Particlessize distributions and the ratio of active to 
inactive particles in each size range will be determined, 


2.3.4 Decay Measurements, heasurements of beta decay were taken 
for all internat tent-taliont collector intervals thich contained samples 
counting 1,000 counts per minute or more at initial counting. 

Aliquots from gross-fallowt collectors were used for beta decay 
measurements, as well as for gemma decay measurements. 

_ The sample to be masured was transferred to a stainless-steel comt= 
ing cup for betasdecay masurements and to a glass planchet for gemm 
dosage decay measurements. It was then immobilized with a small amount 
of silicone resin diluted with toluene in order to facilitate courting 
and handling procedures, 

The counting technique for beta decay measurements is described in 
Appendix BE. The counting for gamm dosage decay measurements was done 
using a Jordan AGB-10-GR survey meter with the sample placed in a fixed 
geometry 1 inch away from the meter surface. The AGlO-SR survey mter 
is the same as the AGB=lOK-SR meter, desoribed in Appendix A, except thet 
the upper range limit is 10 r/br. 

Decay measurements were begun at Ht 24 hours or less and continued at 
the test site for a period ranging from 100-to 1,000 hours. The samples 
were then returned to the Army Chemical Center, where the analysis wes 
continued. For the first 100 hours, the samples were counted once every 
2, hours. At later tims they were counted every other day. 

Curves of field gemma~dose=rate decay were plotted from aerial and 
ground survey data taken at the same locations on successive days from 
Ht & hours to H+50 hours. 


2.3.5 Time of Arrival, Rate, and Duration of Fallout. The time of 
fallout arrival at each station was Getermined from the analysis of the 
samples collected by the intermittent fellout collector and from the tape 
monitor data. 

Samples fron the intermittent fallout collectors were prepared and 
counted with precision beta counting equipment, as described previously 
in Section 2.3.2. 

Counting was begun at about H+50 hours, and all. activities were cor 
rected back to this standard time. The decay exponent used for this 
purpose wis derived from the early beta decay curves obtained from these 
samples. Counts per minute were converted to disintegrations per mimtte, 
as described in Appendix 5. 

The total activity per sampling interval was then plotted as a fmo- 
tion of tins, From these graphs, the time of arrival, the time for the 
maxim rete of. fallout, end the time at which sigificant fallout ends 
were determined. ‘ 

Additional tine of arrival data were determined from the tape fall- 
out monitor. Relative activities were determined by monitoring the in- 
dividual sections of the tape with 2 Becknen Mi-5 G-=M survey meter, 
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A constant geometry was maintained through the use of a.special mount for ..... 
the meter and sample. These data were used only for determining-activity——— 
peaks. 


2.3.6 Base~Surge Phenomena, The records obtained from the base= 
surge detectors were inspected to determine whether any changes in the 
intensity of the light beam reaching the photovoltaic cell occurred dur~ 
ing the time intervals of interest. Where a decrease in the light in 
tensity occurred, the records were evaluated to determine the probable 
cause of the change, By comparison of the time and duration of the de~ 
crease in light intensity with the estimated times of arrival of the 
blast weve, possible water wave, or base surge, the existence or absence 
of a surge can possibly be deduced. 

Further indications of the significance of the base surge, its role 
in the transport of radioactivity, and the mechanism by which it becomes 
pa pee will depend upon the results of radiochemical analysis for 

0, which have gaseous precursors, and a comparison of these 
concentrations with those of Mo% and Gel44, “It is assumed that the base 
surge will be deficient in gaseous=precursor fission products. 


2.307 Radiochemistry. Samples of solid gross fallout, when ob- 
tained In sufficient amount, were separated by U. S, standard sieves into 
the following size ranges: 9 to 44K, 74 to 105, 105 to IH, 149 to 
210, 210 to 4204, 420 to 840, and greater than &0p. Where the 0- 
toi fraction was sufficiently large, a further separation was effected 
by the roller analyzer into the following size ranges: O to 5p, 5 to 
14H, 10 to 22h, 16 to 32p, and 26 to 44. The roller analyzer has 
certain limitations in that it has a tendency to break up the particles, 
but no other method was available to obtain large samples in this par 


- ticle size region. A weighed portion of each size fraction dissolved 


in hydrochloric acid. The remainder of each fraction was reserved for 
measurement of particle-size distribution, determination of percent of 
active particles, chemical microscopy. andthizx-secthen-—work. “~ 


b) (3 
Analyses for sr°9, T31, Bals0, ¢ gd aa Ga ea cases Caf? are in 
progress at the Army Chemical foe 


Similar radiochemical analyses were performed on selected es 
samples which were too small to size-grade and on liquid samples. Em 
phasis: was placed on time-incremental samples and on samples collected, 


(b) (3) 


“Complete game spectra and Sr?0/nal40 ratios are being determined at 


the Army Chemical Center on selected gross fallout samples. . 


2.306 Examination of Individual Particles. Samples selected for 
study were first examined under the microscope. A Bausch and Lomb stere~ 
oscopic microscope was used throughout this work, Aliquots were encased 
in trans doe] plastic mots. The mommts were grou dom by ge 
graphic % chni ques wmitil about half of each particle remiined, so tha 
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the cross sections were revealed, Tho mmbers of particles of various 
r types were counted under the mlcioscope. Thotomicrographs were meade on 
é Kodak Plus ¥ and Ektachroms film with & Leica camera and accessories, 
: Radioautographs were made by placing the rleastic momts in contact , 
with Kodak metallographic plates for periods ranging from 1/2 to 7 mine » ae 
: utes. Plates were developed in accordance with the manufacturer's in 
.  .. structions. The radioautographs were matched over the corresponding 
plastic mounts and examined under the microscope. The mmber of rafio- > 
active particles for each particle type was determined, and the particles 
were designated as active throughout or as active only on the surface. 

Because of the coral and salt water envirommnt, the chemical species 
to be expected in macro=quantities in fallout from shots in the Pacific 
Proving Ground are limited to a few compounds, Hence, only a small mm- 
ber of tests are needed to complete a gross chemical characterization of 
the particles. These tests were applied to individual, sectioned = 
cles under the microscope. A basic reaction to phenolphthalein cated 
the presence of calcium axide or oaleiwm hytiroride, Bubbling upon the ad~ 
dition of 1M nitric acid served as an indication of caleium carbonate. 
The silver nitrate test was used for chloride ion. Potassium ferrocyanide 
and potassium thiocyanate were used to test for iron. Ferromgnetisn ws 
tested by bringing a small mignet near to loose particles while the partl- 
cles were viewed with a microscope. 

The bulk density of fallout samples was determined through the use 
of & pycnometer. The detailed procedure is given in Appondix B, 


‘ CHATTER 3 


RESULTS AND OBSERVATIONS 


Useful data were obtained by this project following each of the shots 
in which participation was planned except for Shot Cherokee. The yields 
and locations of these shots are tabulated in Table 3.1, 

No fallout was observed over the Bikini Atoll following the Cherokee 
air drop, All fallout collectors were monitored, nevertheless, and an 
earth semple was scooped from the area of the intended ground zero. This 


TABLE 3.1 EVENTS IN WHICH PROVE 2.65 PARTICIPATED 


sample, as well as those from the collectors, showed no activity resulting 
from the event. Since the actual ground zero was over water and not up- 
wind from the atoll, no data were obtained relative to the presence of 
contamination following a megatomrange air burst. 
Dose=rate contours within the area of the atolls have not yet been 
constructed by this project for any of the events Listed in Table 3.1. 
For Shot Lacrosse no data were collected for the water area of the lagoon. 
For the Bikini events, dose-rate data were obtained for the water area 
within the legoon by Projects 2.62 and 2,63. It is anticipated that these 
data will have been reduced to the equivalent infinite plane land-surface 
readings in tim for inclusion in the final report of Project 2.65. 
The field equipment used by this project operated satisfactorily in 
. most cases. In those instances where intermittent and gross fallout cole 
lectors failed to function, the difficulty was usually due to failure of 
the blue bares to trigger the circuits involved. Despite these failures, 
‘ more than 75 percant of the collectors operated satisfactorily for Shots 
Lacrosse, Zui, Flathead, Navajo, and Tewa. 
Operational difficulties were experienced with the base surge 
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detectors, due to the effect of the shock wave in some cases and to the 

fact that the H=1 mimrte signal was not received at the station in one 
instance. In another case, the station was not instrumented, because of 

‘the predicted height of the water +e, 

After two of the events, useful samples were obtained from sources 
other than the fallout collectors. After Shot Lacrosse, ground scoop 
samples were obtained from Sites Wilma end Gene, and another was retrieved 
from a depression in the canvas top of an abandoned truck at Gene, After 
Shot Zuni, a large semple wes scooped from the forward deck house of the 
YAG=40 following the ship's return to Bikini Lagoon on D+2 day. 

No useful samples were obtained at the distant fallout stetion at 
Rongerik Atoll. The station there was not activated for any shot except 
Zuni. After the Zumi event, the inside liner of the total fallout col- 
lector wes returned to Site Elmsr and surveyed for beta plus gamm actin 
ity with an M-5 survey meter, An insignificant amount of activity was 
noticed. Drushing the liner yielded no useful. solid fallout sample. Post- 
shot examination of available records revealed that there wes, in fact, no 
significant fallout at Rongerik. ; 


3.1 DECAY MEASUREMENTS 


3.1.1 Gamm-Dose-Rate Decay, Early field gemme dose rate decay - 
curves resulting from aerial survey data are shown in Figures 3.1 to 3.5. 
These curves, based upon the measurements made on D-day, Del, and D2, 
reflect the field decay rate for the period from H+8 hours to H+50 hours. 
A straight line wes fitted to the three points by inspection, and the 
Slope of the line was determined by measurement from the graph. No field 
decay curves were obtained for Navajo, because of the effect of the heavy 
reins viich occurred on D+l day, 

Laboratory gamma dose rate decay measurements obtained from selected 
gross fallout collector samples for each shot are shown in Figures 3.6 to 
3.10. The time interval covered was from approximately 20 hours to several 
himdred hours, 

In general, al gamm. dose rate decays for Shot Lacrosse were similar 
to that show in Figure 3.6 for the solid semple obtained from the gross 
fallout collector on Site Wilma. The liquid sample from this same col- 
lector exhibited a mrkedly different decay, as show in Figure 3.7. 

This difference cannot be explained at this tims. 

Al Shot Zuni samples exhibited similar decay curves between H+40 
and H+600 hours. A representative gamm decay curve from Zuni gross falle 
out is shown in Figure 3.8, ; 

A gemma dose rate decay curve from Shot Flathead is shown in Figure 
3.9 and one from Shot Navajo in Figure 3.10. Some samples show devia- 
tions from these decay curves. Later analysis of all decay data will 
provide information which may mke possible the construction of a compos- 
ite decay curve for each shot. Consequently, no curves have been drawn 
through the data points presented in the figures. In addition, due to 
the preliminary nature of the data, the counting errors have not been 
evaluated, 

The decay slope determined from these graphs of gemm dose rate decay 
for Shots Lacrosse, Zuni, Flathead, and Nevajo are listed in Table 3.2. 
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The slopes listed for the Zuni and Navajo curves are based upon the 
straight line pessing through the first three points which cover the perm. 
iod from #+20 to H+50 hours, This time period was used in the table in. 
order that the laboratory and field measurements would cover the same 
period. 

3.1.2 Beta Decay. Beta decay data were obtained from gross fallout 


‘collector Samples and from all intermittent fallout collector samples ham 


ing sufficiently high activities. Representative decay curves for each 
shot are shown in Figures 3.11 to 3,16. Curves for both liquid and solid 


TAMZ 3.2 EARLY GAMMI-DOSE-RATE DECAY SLOPES 


Yield Came Deoty Slope 
+8 to B50 hours) 

Laboratary Garem Decay Slopes 
(B+20° te H+50 hours) 


"Samples not ocllected for this shot 
Dieavy reins prevented evaluation of field decay slopa. 
Sigh background at Site Elusr prevented determination. 


fallout samples are included for Shots Lacrosse and Zuni. In each case, 
appreciable differences are observed in the shape of the curves for the 
two types of samples. The decay curve for Flathead, show in Figure 3.15, 
is representative of those liquid and solid samples which had relatively 
high activity at the time of initiel counting. 


322 AERIAL SURVEY DATA 


All survey data were corrected through the use of the instrument cal- 
ibration curves obtained immediately prior to each event. The calibration | 
procedure and a typical calibration curve are included in Appendix A, 


3.21. Shot Iacrosse, The aerial survey readings obtained on Sites 
Zona through Daisy are shown in Table 3.3. ‘The H+1 hour dose retes were 
determined by using a decay exponent of ~1.36 as obtained from the field 
gemma decay curves of Figure 3.1. These Htl hour values are shown on a 
map of the atoll (Figure 3.22). 

Aerial survey readings were not obtained on Site Alice, and the value 
shown was calculated from Rad=Sefe ground readings. — 

All survey readings taken over the reef near the crater were obtained 
during low tide. The reef had been washed over by at least two high tides 
between shot time and time of the survey. The calculated H+1 hour dose 
rates for Site Yvonne and the adjacent reef are shown in Figure 3.18, The 
one abnormally high reading near the edge of the creter lip was obtained 
on Dtl day. No other comparable dose rate levels were observed during the 
survey, The crater-was partially filled-with-water at-ell tines; and-no-- —--- 
readings were attempted over the crater or lip. 

3.2.2 Shot Zuni, Aerial survey readings obtained on islanas of 
Bikini Atoll after this shet are shown in Table 3.4. The R+1 how dose 
retes were determined by using a decay exponent of ~0.92, obtained from 
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5. 
26.17 202 
50.25 : hed 
50.3 5 
26,25 4,760 
263 3,740 
26.83 57,000 
50,83 1,750 
50.5 540 
50.58 40 
1.5 bhi 
26.1 27.0 
50.7 20.0 23.7 
10.1 Zeb . 
54.0 23.2 
7.58 15.3 
26.0 92.5 80.3 
50.58 73.0 
Pearl 264 We5 
2,0 102 Ti ob 
50.5 96.8 
Jangt 2.75 13 
25.83 my, 115 
Sled 17 
faisy 7.83 ag 
25.65 256 pal] 
50,28 18, 


the field gama decey ¢ curves of Figwe 3.2, These H+] hour values are 
shown on a map of Bilin Atoll (Figure 3.19). 

No D-day survey readings are reported for. Sites Willian, Uncle, or 
Peter, because of instrument malfimetion during the latter part of the 
atoll survey. After the return from the survey missio, 2 loose conneo- 
tion in the probe cable was found to be responsible. No readings were 
obtained on Sites Roger, Sugar, Tare, or the eastern end of Uncle, because 
of the safety Limitations imposed by the Commander, Task Group 7.1. 


32.3 Shot Flathead, Survey readings following this shot are 
shown we e H+] hour dose rates for this event were deter 
mined by using a decay exponent. of ~1.0,. obtained from the fieljd gam 
decey curves of Figure 3.3. These H+1 hour values ere shown on a mp 
of Bikini Atoll, in Figure 3.20. 

The southern island sites from Bravo through Oboe were surveyed but, 
along with Sites Nan through How, showed no increase in contamination 
over the levels which existed wior to Shot Fisthead. 
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Goerge 12,000 
2,300 
Far 
Nog 
: lie 
(Center) 
Charlie 
(Northeast 
Able 
Brevo 9.. 
56.8 
Zebra 92 
33.8 
56.8 
Willan 33.9 
56.9 
3.0 
(West end) 57.0 
. Bel 
; 571 


3.2.4 Shot Mohawk, The aerial survey covered the portion of 
Enivetok Atoll which wes contaminated to a significant extent by this 
event. This incluied the sites between Janst and Sally. The largest 


. to Mohawk, _ Therefore, the Ht] how dose rates_dus-to-Mohawk-wre-not-- - - -—-- 
caledlated in these instances. For Sites Olive through Janet, the acter 
al readings were corrected by subtraction of the smll dose rates exist~ 

is ing prior to the shot. The preshot readings on the south end of Peat'l 


- 
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TABLE 9.5 CORRECTED AERIAL SURVEY READINGS, FLATHEAD 


(field grime decsy component: =1.,0) 


Site Survey Point Mme After Shot | Corrected Reading Hel he Average H¢l br 
Dese hate Tese Rate 
; o/h z/ar r/or 


he 

Able r 9.28 #,800 
32,3 2,800 

55.9 1,600 

Charlie 1 9.0 18,000 
(Station) 32.1 5,000 
55.8 2,900 

Charlie 9.2 18,000 
(Gn 2 32,1 5,200 
Zero 55.8 25700 
Dog 1 8.83 19,000 
31.9 5 600 

55.7 3200 

Easy 1 8.7 16,000 
1.9 5,000 

55.6 2,500 

Fox 1 8.74 12,000 
31.8 2,700 

55.6 1,600 

George 1 8.68 6,500 
31.6 2,000 

55.5 800 


Table 3.6 shows the corrected readings and the equivelent H+] bow 
readings due to the shot. A decay exponent of -1.1 was obtained from the 
field gamma decay curves of Figure 3.4. These H+] hour values are showm 
in Figure 3.21. The calculated H+] hour dose rates for the area near the 


crater are shown in Figure 3.17. 


222.5 Shot Navajo. Aerie] survey of Bikini Atoll following this 
shot cove Sites between How and Bravo. Negligible levels - 


of contamination resulting from this shot were observed on other sections 
of the atoll, The result of the D-day and Dtl day survey is show in 
Table 3.7, Extremely heavy and steady rains occurred between the D<day 
survey and the Dt] day survey. The table shows that the D+] day reading 
Dedey readings, Because of the apparent 


is very low, compared to the 
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effect of the rain and of the short lead time annoueed for the next 
event, no D*2 day readings were obtained. A gemm decay exponent of 


1,02, determined from laboratory gamm decay measurements for early 


times, was used in converting the D-day readings to H+l hour vanes. 


Although the islands show had some contamination remaining from 


previous shots, those with the highest preshot levels were subjected 


to the effect of high blast overpressures and to water wave action prior | 


to the arrival of fallout, The H+] hour dose rates resulting from 


Navajo are show in Figure 3.23. 


3.2.6 Shot Tewe, Survey readings follow'ng this shot are given in 
Je 3.8. The H+ hour dose rates for this event were determined by the 
use of a decay exponent of =1.08, obtained from the field gemma decay 
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curves of Figure 3.5. These H+l hour values are show in Figure 3.24.: 
rge through Able were not surveyed on D-day in conformance 
with task group safety regulations concerning this project's aerial sum 


the contamination remaining from previous shots was negligible as com 
pared with the high contamination levels existing after this shot. The 
decay exponent determined from Figure 3.5 for Site Bravo was not included 
in the average value of =1.08, due to its large variation from that of 
the other islands. Extremely heavy rains followed this shot, as an 
Navajo. However, there was no apparent change in decay rates dus to this 


rein. 


3.3 VARIATION OF DOSE RATE WITH HEIGIT ABOVE SURFACE 


Conversion factors for changing dose-rate readings for various alti~ 
tudes above ground to the equivalent readings at the foot level for: 
Zuni and Flethead are shown in Figures 3.25 end 3.26, The Zmmi data wore 
obtained at approximately H+54 hours, while the Flathead data were ob= 
tained at H+9 hours. No explangrtion can be given at this time for tha 
differences in the two curves. 


3.4 TIME O ARRIVAL, RATE, AND DURATION OF FALLOUT 


The time of arrival and rate of fallout were determined primerily 
from intermittent fallout collector data. The tape fallout monitor did 
not operate successfully for Zuni, although records were obtained from 
one instrument for Shots Filethead and Tewa. 

In general, the times of arrival and ending of fallout, as given in 
the following sections, represent the times for arrival and cessation of 
significant fallout activity. In all instances, small amounts of activ 
ity were collected earlier than the stated time of arrival and contimed 
for periods later than the stated time of ending. The rate of fallout 
for these early and late periods was generally less than the mximm 
rate by a factor of 100 or more. ALI intermittent fallout collector 
data presented in this section are expressed in terms of beta djsinte- 
grations per minute for the total sample collected in the 1&in 
trays. All activities were corrected to H*50 hours, since this was the 
approximate time at which counting was started. The decay exponent used 
was that found for the individual shots and reported in Section 3.1. 


3.401 Shot Zui, The activity collected during each lemimte — 
sampling interval by the collector on Oboe is show graphically in Figure 
3.27. Although some activity was collected during the first mimte and 
during the period from 2 to 4 minutes, mich larger quantities were col-~ 
lected between 16 and 20 minutes after shot, _ rare 

Similar date resulting from collectors using 5- and 30-mimmte sar 
pling intervals at the stations on Sites William, Yoke, and Charlie are 
plotted in Figures 3.28 to 3.33. In each case, ths time of arrival ani 
the maciumm rates of fallout, as determined by the two different col- 


lectors at each station, are in close agreemnt-—even though discrepancies 
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may exist in regard to actual quantities of activity collected. Cumilan 
tive activity as a function of time efter shot for the Charlie station | 
ts shown in Figure 3.34. ° The reesei for the branch between the curves 
for the two collectors is not understood, 

The fallout arrival data‘for Sites Oboe, William, Toke, and Charlie 
are summarized in Table 3.9. The tims of arrival and mximm rates 
were read directly from the graphs of the 5=mimte-intervel collector 
deta for Willian, Yoke, and Charlie, The time of cessation was read from 
the graphs of the 30-minute=interval collector data for these stations. 

Similar data were not available for Sites Dog, Fox, and George, 
because the collectors at these stations did not operate, The data ob- 
tained from the instruments at the station on How, where the fallout 


TARIZ 3.9 TTR, RATE, AND DMRATION OF FALLOT FOR SHO? ZUR 


activity was relatively low, showed little correlation from one collector 
to another, 


3402 Shot Flathead. Twenty five of the 33 intermittent fallout 
collectors used for this event operated successfully. Significant levels 
of fallout were observed only on Sites. Able through George. At all stae 
tions on these islands, fallout wes collected during the first 30 mimztes 
after shot. A more precise determination of time of arrival cannot be 
made, since quantitative agreement wes not obtained between instruments 
using different sampling intervals at the same locations. ‘In general, 
the overall level of activity of the samples collected in the intermit- 
tent fallout collector for Flathead was lower by two orders of mgnituie 
then the level of similar samples collected after Zmi. This was true 
in spite of the fact that the levels of contamination produced on the 
islands in question were of the same order for the two events, A discus~ 
sion of the reasons for this apparent anomaly is included in Section 4.5. 

Data resulting from 30<nimte-interval collectors on Charlie and 
George are show in Figures 3.35 and 3.36. ‘These date indicate that the 
maximm rate of collection of fallout occurred between 14 and 2 hours 
after shot. 

The survey readings obtained from the record of the tape fallout 
monitor on George are plotted in Iigure 3.37. The record indicates that 
the fallout stopped et H+L0. hours and started again at appracimetely 
H+15 and continued util H+18 hours. The value plotted for the first 
56 minutes was obtained by summing the values obtained from the 2-minute- 
interval samples collected during this period. Smell amounts of activity 
were recorded for each of these early intervals. 
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3ehe3 Shot Navajo, The contamination resulting from this detone- 
3 tion covere dand sites between Bravo and How trigure. 3.623) 5 -- Relee 
: tively high levels were found only on Sites Able through George, The 
i : stations on Tax and George were wished onto the reef by the water wave. 
. Thus the land stations within the fallout area which collected useful 
samples were those on Cliarlie, Able, and Bravo, 
The arrival of fallout as a fimction of time at Charlie is repre~ 
. sented graphically in Figured 3.38 and 3.39. The relative activity per 
‘sampling tray for the 5-minuteinterval collector wis determined on the 
basis of survey-meter readings. Prior to the shot, this collector was 
tilted at a 34-degree angle to the horizontal and turned to face the 
surface wind direction, as discussed in Section 3.5. Much lerger quan 
tities of fallout were * collected in this instrument than in those which 
were left in the usual horizontal position. These samples were returned 
to the Army Chemical Center for further analysis. The time of arrival 
of sigificant fallout activity at Charlie is show by Figure 3.38 to 
have been between 30 and 35 minutes. The time period during which fall- 
out occurred at its maximum rate was between 45 and 50 mimtes. The 
quantities of fallout collected in other instruments using 5-minute- 
collection intervals were so small that arrival data determined from 
them are inconclusive. Figure 3.39 shows the activity collected in the 
Charlie instrument for 30-minute intervals and indicates that significant 
fallout ended between 1 and 2 hours after the detonation. 


3.4.4 Shot Tewa. The contamination resulting from this shot covered 
- sites from How to Oboe. The only site in the fallout zone from which a 
sample could be recovered on D-day was How, The reminder of the sites 
were recovered on D+1 and D+2 with the exception of Charlie and Able, 

. which were contaminated to such high levels as to mke recovery inad- 
visable. The arrival of fallout as a function of time for the YFNB~29 
and Sites Yoke, William, and George are represented graphically in Figures 
3.40 to 3.44. The relative activity per sampling trey was determined on 
the basis of survey meter readings, The activity in the other collectors 
was not sufficient to give reliable results by this method, due to the 
high beckgroumd existing at Elmer at the time of measurement, ALL samples 
were returned for further analysis. 


3.5 WEIGHT AND ACTIVITY GF THE FALLOUT SAMPLES 


A comparison of the gross fallout collectors (FC) sample activity 
with the observed field dese rates for Shots lacrosse, Zuni, Flathsad, 
and Navajo is shew in Table 3,10. Similar data fron Tewa will be evade 
able in the final report, The activity per mit area wes determined oo 
the basis of the 2.73-ft© sampling area of the collector. The H+50 hour 
dese rate at the station wes calculated from the ground readings obtained = 
: at the station locations during-sample recovery on Del or D2 day.” 
Table 3.11 shows activity per mit weight for the solids collected 
in the intermittent and gross fallout collectors. ‘In ali cases show, 
Significant quantities of liquid were collected in the gross fallout 
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collectors. This liquid, which passed directly through the filter in 
the collector, coutedned from 5 to 20 percent as mich activity asthe 9. 
- solid remaining in the cone of the oollectar. The YAG-40 figures are 
: based upon the weight and activity of the O-to-420—micren fraction, ‘The 


greatermthan-420-micron fractions account for less than 2 percent of the ad 
total weight. 

Activity concentrations for the Flathead gross fallout collector 
samples were not obtained, because of the manner in which the fallout : 


was deposited in the collecting instruments, Visual examination of the 
cones from the collectors showed a well defined Geposit of mi-like mat= 
erial on the inner surface of the cone. This deposit wes located on the 
upper portion of the southwest side of the cone (Figure 3.45). The diae 
gram indicates that the apparent maximm angle at which this mterial 
entered the collector was 26 degrees from the horizontal for the station 
on Site Able and 31 degrees for the one on Fax, A rough calewlation which 
neglects the perturbation of the air floy by the collector and assumes 4 


TABIZ 3.10 COCMPARTSQ] OF GPO SAMPIE ACTIVITIES 
WITH FIELD DOSE RATE AT VARIOUS STATIQUS 


Dose Rate At 
Station HY50 brs 


density of 1.3 (intermediate between coral and witer) indicates that the 
maximm particle size associated with this "md" was about 150 microns. 
The available weather data indicate a 10-knot surface wind from the north 
east (azimth 50 degrees)+ for Bikini at detonation time. Although none 
of the mterial was found in the bottom of the collector, small quantities 
of loose coral-like particles were observed there. The so-called mi was 
still wet on D4l day, but no excess liquid was found in the two colleo~ 
tors in which this slurry wes observed, : 

After the removel of the loose particles from the bottom of the cal~ 
lectors, mxi was removed from the inner surface of the cone by scraping ae 
while a stream of water was played over the surface, Later surveys in- i 
dicated that 85 to 90 percent of the activity was removed in this way. ; 


This reported surface wind is subject to further verification since 
belloon runs gave 20 knots from 90 degrees. 


| UNCLASSIFIED 


UNCLASSIFIED 


Examination of the intermittent fallout collector trays failed to 
reveal the presence of the md. ‘The visible fallout collected in these... —— 
. iristinments consisted solely of the loose, coral-Jike particles. How 
: ever, after removal of the solid fallout from the dry trays by careful 
brushing with a camels-haixr brush, a large fraction of the totel activity 
remained in the trays, as indicated by survey readings taken before and 
after brushing. These monitoring data indicated that the activity re~ 
maining in the trays after all visible mterial had been removed varied 
from tray to tray and was greater, by a factor of ten or more, than the 
activity removed. Attempts to remove the activity by rinsing with weter 
and with a solution of versena failed to reduce the contamination level 
by an appreciable amount. Therefore, the total- ‘activity collected in 
the intermittent fallout collector trays for Flathead is not quantita~ 
tively known. 

The activities per unit area ‘of sampling surface (for both types of 
material in the gross fallout collectors and for the loose particles only 
in the intermittent collectors) are compared in Table 3.12 for the Flat- 


TAIZ 3.1. ACTIVITY CORENTRATICNS FoR LACROSSE AND ZUNTI SAMPLES 


Weight of | Total Activity 
Sol4d Sample of Solid at 
Ht50 by 


head fallout. The physical and chemical characteristics of these samples 
are described in Section 3.6.3. 
in setting up the stations for Shot Navajo, one intermittent fall~ 
out collector on Site Charlie, with 5-minute sampling intervals, was 
tilted at an angle of 34 degrees to the horizontal and turned to face 
the expected surface wind direction. Two other S=mimte-interval col- 
lectors and a 30-minute-intervel collector were left in the usual hori=- 
zontal position, After the recovery of the Navajo sa pag the indi- 
vidual IFC trays were surveyed with an MX-5 survey meter, ‘The tilted 
collector gave readings as high es 40 m/hr, as show in Figure 3,38, 
while the others read no higher then the 3 or 4 me/he backgroud ex” 
isting in the handling area. These samples were returned for =) 
* and complete results will appear in the. final report. Py - = 
Monitoring of the cones in the gross fallout collectors also in= 
dicated that a large portion of the activity collected following Navajo 
- adhered to one side of the inner surface of the cone. Since this activ 
ity was difficult to remove completely and since the liqzid portion of 
i the semple contained a part of the total activity collected, activity per 
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per unit weight was not calculated, 

= In order to obtain an estimate of the total activity collected, the 

: surface of the cone was monitoned before and after removal of the solid . 

L adhering to the walls. The sintered stainless-steel filter was washed : 

: with a solution containing versene and hydrochloric acid. ‘The fraction : 
of the total activity remaining in the collector and on the filter was 
then estimated. After the application of the necessary corrections, the 
total activity collected was determined by adding together the activity 
in the solid, that found in the filter, and the activity of the original 
sample. The sample activities listed in Table 3.10 resulted from these 
estimates. 

Weight and activity measurements resulting from Shot Tewa will ap- 
pear in the final report. 

Weight and activity distribution as a fimction of particle-size 
renge is shown graphically for one Lacrosse sample and four Zumi samples 
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in Figures 3.46 to 3.50. The Lacrosse sample wes obtained from the top of 
a Coe while the Zuni samples were obtained from gross fallou 
collectors. 


3.6 EXAMINATION OF INDIVIDUAL PARTICLES 


3.6.1 Shot Lacrosse, The studies were all mide on the sample ob- 
canvas top of a truck cab on Site Gene. Figure 3.51 is 

a ( dhobomloropenrk of & portion of the 210-1 cron size range. 
Five generel types of particles were found: i opaque —: (2) trens- 
Incent coral; (3) black, sintered particles; transparent crystalline 
particles; and (5) spherical black particles. 

The first two types generally characterize particles of natural , 
coral. Most of the coral particles in the fallout hed yellow and black 
spots on their surfaces. The black, sintered particles were ferromagnetic 
and gave & positive test for iron with potassium ferrocyenide ant potas a 
sium thiocyanate. The source of the iron my have been the umeually 
large amount of pipe extending from and around ground zero. In many cases 
the interior of these particles was corel, All spherical black particles 
(type 5) were black throughout. The transparent orystals gave a positive 
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chloride test with silver nitrate. Thenolphthelein tests on particles 
of Types 1 and 2 indicated some calcium hydroxide throughout the intem _. 
iots, However, effervescence with 1 M nitric acid ee me tty 

icles were predominantly carbonate. Furthermore, the bulk densi 
ve te fallout was 2.66 g/om’, compared to 2.70 to 2.75 att tes natural 
coral sand, 

Table 3.13 lists the frequency of the five types based on exemina= 
tion of: 429 particles in the 210-to-420-mieron range. Table 3.14 gives 


TABIZ 3,13 FREQUENCIES OF PARTICLE TYPES IN LACROSS? 
PALZOUT, GENE CANVAS, 210 to 420) 


the frequency of black particles (Types 3 and 5) as a function of parm 
ticle size, based on a separate particle cout. 

No nonradioactive particles were found in this sample. Ninety-five 
pereent.of the particles were radioactive throughout. The 5 percent hav 


TABLE 3.1, FHEQUENCY OF BLACK PARTICLES IN LACROSSE 
FALLOUT, CENE CANVAS 
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ing activity only on their surfaces were of coral, Individual black 
particles in the 210-to-420-micron range were, on the average, twice as 
radioactive as white perticles, but in the aggregate, they contributed 
only 25 percent to the total activity’ of the fraction. 


2652 Shot Zuni. Three predominant types of fallout icles were 
found: (1) opaque coral; (2) translucent coral; and (3) nile end white 
Spheres, The frequency of occurrence of each type and the radioautographic 
results are given in Table 3.15, It willl be noted thet most of the ratio-w - 
active particles were active throughout. A survey of particles smaller 
than ig microns indicated that not more then 1 percent were spherical, 
Individual spherical particles from the Bravo collector in the 210-to-420- 
micron range were, on the average, 24 times as active as nonspherical H 
particles and contributed 60 percent of the total activity. . 
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The YAG-40 deck semple was heavily agglomerated in the particle size 
region above 210 microns, These agglomerates were resistant to mechanical 
pressure, but the application of tater rapidly broke then dow iiito pam” © 
ticles of 50 microns or less, The resulting solution gave @ strong test 
for chloride ion, : 

Farticles of Types 1 and 2 appeared to be homogeneous mixtures of 
CaCO; and CaO or Ca((H)2. They were generally free of the yellow and 
brown spots observed after Shot Lacrosse. Type 1 particles gave a posie 
tive test for chloride ion, - , 

The spheres appeared to be CaO or Ca((H)o, with a surface coating of . 
CaC0z. After the samples had been stored for several weeks, spheres could 
no longer be found. The spheres that had been sectioned swelled and erupt- 
ed out of the plastic mounts after several weeks, in som cases cracking 
the plastic. In this form they were a loose mass of tiny crystals. 


TABLE 3.13 FREQUENCIES OF PARTICLE TYPES IN ZUNI FALLOUT 
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i A few metallic-looking flakes, which gave a strong test for iro, 
were observed. : a 

f Tt should be noted that the TAG={0 deck sample was exposed toa = 7 
: large volume of rain before and after cessation of fallout and, presumably, 

i to significant salt spray. . 

: The bulk density of the sample of fallout from the Bravo collector 
was 2.17 g/cm. 


3.6.3 Shot Flathead, Three types of fallout were found: (1) brow : 
mui; (2) Gscrete, solid particless and (3) liqtid. The brown my ao- 
counted for more than 99 percent of the total activity in the Able and 
Fox gross fallout collectors. Very little ligzid was collected. The pat- 
tern of the md on the walls of the collectors has been described in Seow 
tion 3.5. The md consisted of fine coral particles, sodium chloride, 
and a large quantity of Feg03, suspended in water droplets about 1 or 2 m 
in diamster, ‘This mterial was hard to remove after it had dried on the 
wells of the collectors. Laboratory equipment used in handling this mt- 
erial was also difficult to decontaminate, and recovery personnel had ex 
treme difficulty decontaminating their hands and shoes. 

The discrete, solid particles exhibited a wide verlety of types, tut 
CaC03 predominated. As was pointed out above, these particles did not 
contribute significantly to the activity. 


3.6.4 Shot Naveio, Particles from the Charlie gross fallout cole 
lector were exantini er the microscope, At least 80 or 90 paroent of 
them were fine crystals of NaCl which were hygroscopic and tended to age 
glomerate. Most of the remaining particles were CaC03. There were some ‘ 
small pieces of shiny metal, probebly aluminum scraped from the collector 
during removal of the sample. No iron was detected. Since NaCl was pre= 
dominant, further study of the particles was not considered worthwhile. . . 


3.7 RADIOCHEMISTRY 


*3.7.1 Shot Lacrosse. Only the Wilma total fallout collector ws 
s fallout area, and it collected only a small sample. However, 
a sample (designated "film groumd") was scooped from the ground at this 
location at approximately Ht10 hours. Late on D*l four samples were ob- 
tained from Gene. These consisted of three samples from the ground, which 
were combined and designated "Gene ground,” and a sample from the canvas 
top of a truck cab (designated "Gene canvas"). 
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““THhS +particle=si es e 8 should be regarded as 
rough approximations, Microscopic particle-size measurements were not 
available for this report. Experience with fallout samples from past op- 
erations has indicated that the average size usually corresponds to the 
upper Limit of the sieve range or calibrated Roller analyzer range. For 
standard sieves, the averages have sometimes been even higher. Measured 
sizes will be included in the final report. 

Standard deviation has been used as the precision index for all radio« 
chemical data.in this report. ; 

——Fevalues! between ao. Mo, 1131, Bal40, ana Cel44 will be pre- 
sented in the final report. 


3.7.2 Shot Zuni, The radiochemical fractionation deta for Shot 
Zuni are presented in Table 3.18. The sample designated "YAG-40 Deck" 
was scooped from three locations on top of the forwerd deckhouse of the 
YAG=40 near the foot of the kingpost. The cloud sample was prepared by 
Program 21 by dry-ashing filter paper. The figures in Table 3.18 were 
calculated in the same manner as those in Table'3.16. The ‘self-absorption 
errors in the percentage contributions were considerably less significant, 


because the weights of the_comting\samples were m 
Shot Lacrosse. 
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, liquid sample was received in the laboratory, 1t 

contained 2 suspension of CaSQ3. The two phases were separated to give ; 

the YNB-2) liquid suspension and YFNB-29 liquid supermate shomin .. . « _.s_; 

Table 3.18, ‘The $upernate was basic to phenolphthalein and gave posi- 

tive tests for Na”, Ce", Cl", and S07", The large variation within 

the YPNB~29 sample is discussed in Section 4 » 
Analyses for Cat, sro3, sr, Tl gilZs spl, pal40, colt, 

Tal8e, and Ta"*” are in progress at the Army Chemical Center. 
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3.8 BASH-SURGE RESULTS 


Base=surge detectars were installed at one or more stations for Shots 
Zuni, Flathead, Navajo, and Tewe, During Shot Zuni, the station on Chee 
failed to receive the H=1 mimzte Signal, and the operation of the stations 
on Fox and George for Shot Nevajo was interrupted by water waves. The 


only complete record obtained was from the instrument on Fax ata distance... 


of 11,960 feet from the Flathead gromd zero, The record @id not show any 
indication of the presence of base surge at this station. 
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TABLE 3,21 CQNIRIBUTIONS OF NUCLIDES TO FLATHEAD GROSS ACTIVITY 
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Figure 3.2 Field gamme-decay curve from. 
Zuni aerial 
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curve from Mohawk aerial survey. 
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Figure 3.6 Laboratory gamme-dobe- 
rate decay curve of a solid — 

100 160: sample from Lacrosse. 
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Figure 3.5 Field gamme-decay curve from 
Tewa serial survey. 
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Figure 3.9 Leboratory gamm dose-rate—decay 
curve of a sample from Shot Flathead. 
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Figure 3.10 Laboratory gama doue~rate-deday 


curve of a sample from Shot Navajo. 
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Figure'3.13 Laboxatory beta decay curve of a 


Solid sample fram Shot Zuni. 
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Figure 3.14 Leboratory beta decay curve of 4 


liquid sample from Shot Zuni. 
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Figure 3.15 Laboratary beta decay curve of a Liquie- 
and—soiid (md) sample from Shot Flathead. 


Activity, counts per minuts 
5° 
o 


10 1oo soa 
Time After Shot, hours 


Figure 3.16 Laboratory beta decay curve ota 
solid sample from Shot Navajo. 
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Figure 3.17 Aerial survey readings 
Hel hour in r/hr. 
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Figure 3.19 Zuni aerial survey readings at 3 feet, 

corrected to Ht hour in r/br. ; 
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Figure 3.20 Flathead aerial survey readings at 3 feet, " 

corrected to Ht] hour in r/hr. 
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Figure 3.21 Mohawk serial survey readings at 3 feet, 
corrected to Htl hour in r/hr, 
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Figure 3.22 Lacrosse serial survey readings at 3 feet, 
corrected to H+] hour in r/br. - 
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Figure 3.23 Navajo aerial survey readings at 3 feet, 
corrected to H+] hour in r/br, 


Figure 3.24 Tew. serial survey readings at 3 feet, 
corrected to H+1 hour in r/hr. . 
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3.25 Zuni altituie-conversion factars, 
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3.26 Flathead altitude-conversion factors. 
Data taken at H+9 hr), 
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Figure 3.27 Activity collected by leminte-interval 
collector at Site Oboe for Shot Zuni. . 
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Figure 3.28 Activity collected by 5mrumte-interval 
collector at Site William for Shot Zumt, 
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Figure 3.29 Activity collected by 30-mimrte-interval 
‘ collector at Site Willdam for Shot Zimi. 
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Figure 3.30 Activity collected by 5-minute-interval 
collector at Site Yoke for Shot Zuni. 
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Figure 3.31 Activity collected by 30-mimte-interval 
collector at Site Yoke for Shot Zuni. 
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Figure 3.32 Activity collected by 5-winute-interval 
collector at Site Charlie for Shot Zuni. 5 
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Figure 3.33 Activity collected by 30-minute~interval 
collector at Site Charlie for Shot Ziumi. 
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Figure 3.34 serival of activity at Site Charife for shot Zuni, 
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Figure 3.35 Activity collected by 30-minute-interval 


collector at Site Charlie for Shot Flathead, 
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Figure 3.36 Activity collected by 30-minute-interval 
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Figure 3.37 Survey readings of tape fallout monitor 
record from Site George for Shot Flathead, 
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Figure 3.38 Activity collected hy Smimte-tnterval... .. ..._- 


collector at Site Charlie for Shot Navajo. 
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Figure 3.39 Activity collected by 30-mimte~interval . 
collector at Site Charlie for Shot Navajo. 
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Figure 3.40 Activity collected by 30-minute-interval 
collector at Site George for Shot Tewa, : 
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-Figure 3.41 Activity collected by 5-mimuteinterval 
collector on YFNB=29 for Shot Tew. 
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Figure 3.42 Activity collected by }minute~interval 
collector at Site Yoke for Shot Tewa. 
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Figure 3.43 Activity collected by 5-wimrte-interval 
collector at Site William for Shot Tewe. : ° 
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Figure 3.44 Activity collected by 30-minute-interval 
collector at Site Willian for Shot Tews, 
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Figure 3.45 Pattern formed in gross~fallout collector by Flathead 
fallout, and maximm angle at which it entered. 
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Figure 3.46 Weight end activity distribution for Gene Sample, Shot 
Lacrosse, 69,000 feet from ground zero, 
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Figure 3.47 Weight and activity distribution for Yoks sample, Shot 
Zuni, 43,100 feet from ground zero. 
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Figure 3.48 Weight and activity distribution for Bravo sample, Shot 
Zmi, 59,800 feet from ground zero. 
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Figure 3.49 Weight and activity distribution for Char sanple 
Zuni, 78,080 feet from poe ZETOs a ca oe 
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Figure 3.50 Weight and activity distribution for YAC40 sample, shot 
Zuni, approximately 50 miles from ground zero. ‘ 
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DISCUSSION 


41 DECAY MEASUREVENTS 


The field gamma dose rate decay curves show in Figures 3.1 to 3.5 
were constructed by fitting a straight Line tp three points by inspeo- 
tion. The curves can only be expected to give a good indication of the 
order of magnitude of the overall decay slope for the first 50 hours after 
detonation. The relatively close agreement between the slopes of these 
field dose rate curves and the early slopes of the laboretory gemma dose 
rete decay curves, as shown in Table 3.2, indicates that, for short time 
intervals, norml weathering has little effect on contamination levels on 
the islands of the Pacific Proving Gromd. Although a reduction of the 
contamination levels by the action of winds or witer should cause an ap- 
parent increase in the rate of decay, the average field decay slope for 
Flathead was actually less than the slopes read from the first few points 
of the laboratory gamma dose rate decay curve for Flathead. Although 
small contamination levels resulting from Zuni existed immediately prior 
to Flathead, correction for these "background" readings has no significant 


effect upon the overall decay slope due to Flathead contamination. The 


dose rate readings on the islands due to the U4-day-old Zuni contamina~ 
tion were of the order of 150 to 200 m/hr. The levels existing at about 
9 hours after Flathead were of the order of 10,000 to 20,000 m/hr. When 
all post-Flathead readings are corrected for the Zui contamination, the 
average resulting decay slope is increased from 1.0 to 1,02, 

The extremly heavy rains which occurred on D+1 day after Navajo 
and which continued for many hours did reduce the contamination levels 
resulting from this shot, as shown in Table 3.7. Apparent gamma decay 
Slopes, based upon the D-day and D+1 day readings only, vary from -1.5 to 
2.7 for all island sites surveyed except Bravo, where the apparent slope 
based on these two points is -0.98. Most of the surface of Bravo is ex 
tremely rocky, when compared to Sites Able through How, which have a sandy 
surface. 

Ths significance of the beta decay curves will be discussed in the 

final report after a camplete analysis of all data has been made, 


4.2 SERTAL SURVEY DATA 


During Shots Lacrosse and Mohawk, emphasis was placed upon obtaining 
dose rate readings near the craters. The high readings obtained in the 
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i ares immediately around the Lacrosse crater, as show in Figure 3.18, 

; ' were calewlated from survey readings obtained on D+l and Be2 days at low 
: | «-‘¥ide. Thess levels Were observed In Spite of the fact that the reef 
around the crater had been washed over by at least two high tides before 
the readings were taken. The actual H+l hour values close to the crater i 
may conceivably have been higher than those reported. 

Abnormally high readings, similar to the one which gave an H+] hour : 
dose rate of 57,000 r/hr, were not observed for any other point. Ob= ‘ 
servations made ty a ground recovery party indicate that many fairly 
large, extremely radioactive, partially fused pieces of metal were scat~ 
tered around the erid of Yvonne toward the crater. On one occasion, at a 
location where the general background was on the order of 200 mr/hr, the 
meter reading very near one large piece of metal was om the order of 
‘500 rfnr. The one abnormally high reading shown in the figure may have 
been due to the presence of such material at or near the point at which 
the probe support touched the ground. This reading, therefore, is not. 
necessarily representative of the general dose rate reading near the | 
crater lip. i 

The results of the survey of the area near the Mohawk crater show 
consistent H+] hour dose rates of from 10,000 to 13,000 r/hr. These 
values are based upon readings taken over land areas which are not sub- 
merged by tides and represent higher contamination levels than have been 
observed on previous atomic weapon tests (Reference 2). 

The serial survey instrument provided a practical means of deter 
mining the dose rates at early times for specific points on the surface, 


4.3 VARIATION OF GAMMA DOSE RATE WITH HEIGIT ABOVE SURFACE 


} 
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An attempt to determine eair~to-ground gamma dose rate conversion | 
factors following Shot Lacrosse did not give meaningful results, because H 
the requirements for a fairly miform radiation field, a relatively high 
level of contamination, and a large surface area over which the measure= 
ments were to be taken were not satisfied. A suitable island, meeting all 
requirements, could not be found. Observations made on Yvonne showed in~ 
stances where the readings in the helicopter were higher than the probe 
reading at the 3-foot level directly beneath, This situation can exist i 
where exceptionally steep gradients occur in the contamination field on | 
the surface. In such cases, attempts to convert readings et the heli- | 
copter position to readings at the surface are meaningless. 

The aimtomground conversion factors obtained for Shots Zuni and | 
Flathead are based upon measurements made over the Cherokee target area } 
on Site Charlie, The width of the island at this point is approximtely i 
2,000 feet, and the surface dose rates were reasonably uniform. The 
Zuni. and Flathead results are compared with those from Shot 7 of Opere= 
tion TEAPO? (Reference 11) and with theoretical curves (Reference 19) in | 
Figure 4.1. The lack of agreement between the Flathead and Zuni. curves 
4s most likely due to variation in the spectra of the contamination with 
time or with weapon. 
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hah OME OF ARRIVAL, DAUR, AND DORACION OF FALLOU 


The period during which significant fallout was collected and the | 
time at which the mtimum rate of fallout occurred are summarized in 
Table 4.1 for all shots in which time=incremental samples were collected. 
Also included in the table are the times at which the dose rate reached 
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its meximm value, as determined by the Project 2.2 residual dose rate 
recorder. 


4.5 WEIGIT AND ACTIVINY OF THE FALLOUT SAMPLES 


The activity concentrations of the fallout from both Shots Lacrosse 
and Zuni were higher at the distant stations than at the relatively 
close-in stations, Table 3.11 shows that the activity per unit weight 
of the Zuni sample collected on the YAG-40 at a distance of approximtely 
50 miles was mich larger than for semples collected within the area ‘of 
the atoll. A comparison of the weight and activity distributions far 
the YAG-40 samples and the island semples shown in Figures 3.46 through 
3.50 indicate that the distant samples had a mech smaller percentege of 
particles in the larger size renges. 

The problems encountered in obtaining representative samples from 
the Flathead and Navajo barge shots and in recovering the active mteri=- 
el from the collectors suggest that large fractions of the activity 
reached the surface as liquid droplets. Although some dry solid mteri~ 
al was colleoted after each of these shots, the greater portion of the 
activity ws associated with a wet slurry or wes observed on collecting 
surfaces which, in some instances, showed small spots where — arop- 
lets had ¢ ied. | : 

A com, rison of the weight or particle-size distribution ‘of the 
solid portio; of the fallout with its activity or with the total activ 
ity collected is of doubtful value. 

The data on the samples from the intermittent fallout collectors on 
Charlie and George during Shot Flathead are included in Table 3.10 for 


&2 
eaten UR BS 
UNCLASSIFIED 


a 
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purposes of comparison only, The activity per wit area of collecting _ 
surface for the loose particles in these collectors is of the same order 

of magnitude as-for the sams type of partidles in the gross faltout colm 

i ectors, 

ro 4 The influence of the surface wind speed on the angle of incidence 

of small droplets or particles and the effectiveness of tilting the col- 
lecting surface so that it is approximately normal to the path of the 
fallout was established in the Navajo test. A semiquantitative comperi- 
son of the amounts of fallout activity collected in the tilted and hori- 
zontal collectors after the Navajo barge shot showed that several times 
as mech activity was collected by the instrument which was tilted and 
turned into the wind as by the one which was left in the usual horizmtal 
position. A more precise comperison will appear in the final report after 
ell analyses have been completed. Although this procedure was effective 
in collecting wet fallout, which adheres to the surface of the point of 
impaction, larger dry perticles my not be collected efficiently in this 
way. It should be pointed out that tilting a collecting surface so that 
it is turned into the surface wind is relatively simple at the Pacific 
Proving Gromds, where the surface wind direction remains fairly constant. 
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4.6 RADIOCCHEMICAL AND INDIVIDUAL PARTICLE EXAMINATION 


Since the coral particles in the fallout from Shots Lacrosse and 
Zuni were generally homogeneous mixtures of Cal03 and Cad or Ca(()2 and 
‘ looked similar to natural coral, they could not have resulted from vapor 
ization in the fireball and subsequent condensation. (The CaO or oe 
can be explained by caleination at temperatures below the melting 1 
Nevertheless, most of these particles were radioactive throughout their 
. volumes, The most plausible explanation for this result is that these 
particles were contaminated by contact with radioactive liquid. ‘The 
feasibility of this process was tested by treatment of natural coral par 
ticles with Lacrosse liquid fallout, with the result that some of these 
particles became radioactive throughout. It is more difficult to ascer~ 
tain whether this process occurred in the cloud or on the ground, but the 
dry appearance of the Gene canvas sample and the fact that the Charlie 
gross fallout collector collected no liquid suggest that the process 
probably occurred in the cloud. 
The suspension of CaC03 in the Zuni YFNB-29 liquid sample (see Seo- 
tion 3.7.2) evidently resulted from the action of atmospheric CQ) on 
Ca(Gi)2 in the solution. A similar effect was observed following the 
IVY Mike shot. 
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Since the 210-to~,20-micron size range (in which the activity of the — 
black particles was measured) made up 87 percent of the Lacrosse fallout 
activity, 25 percent contribution of the black particles to the total 
activity can be considered to be approximately correct for the Lacrosse 
fallout, in general, 

The spherical particles in the Zumi fallout were probably condensed 
from fireball material as CaO, and the subsequent action of moisture and 
atmospheric COgq produced the observed carbonate shell, Further action of 
CO> would account for the eventual disintegration of these particles. 

It was pointed out in Section 3,6.2 that the fallout scooped from 
the deck of the YAG~,0 was heavily agglomerated in the higher size 
ranges and that water broke up the agglomerates into a suspension of fine ° 
particles (50 microns or less) in a NaCl solution. The obvious conclu 
Sion is thet the agglomeration was caused by salt spray. 

It was antiolpated that the significant fallout from water-surface 7 
shots would be liquid. It was therefore surprising to find little liquid 
in the Flathead samples. Instead, the overwhelming majority of the ac- 
tivity appeared in an aqueous slurry of NaOl crystals, nee ay tang 
and fine CeC03 particles. The Fe203 most likely came from the berge it 
self. The CaC03 probably resulted from the 200 tons of coral ballast on 
the barge. Although one would expect this material to result in CaO or 
Ca(CH)2 particles, the particles found were small enough that they might 
have been readily converted to the carbonate, The Na0l, originating fron 
sea water, may have been in solution when it fell out and crystallized 
because of evaporation. The large, discrete, CaC03 particles found in 
the intermittent collectors and in the apices of the gross collectors 
are more difficult to explain. The virtual absence of Ca(Gi)2 in these 

' particles and their low activity obviate their having been incorporated 
in the fireball, as wowld have been the case with the ballast corel. A 
possible explanation may be that these particles originated from the 
floor of the lagoon, whence they were drawn up mechanically into the 
colum of the cloud. The presence of more solid mteriel in Shot Flat- 
head than in the CASTLE barge shots, upon which the expectations vere 
based, imy be eitplaiied by the ciuparatively high yields of the latter, 
which would cause wider dispersion of barge material. 
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ynovever, since it has been showi in Section 3.5 ~~ 
Witter the imveMmittent collectors d4d not collect the most significant 
type of Flathead fallout material (viz, the brown mui), the IFC radio- 

chemical results cannot be considered representative of the true fallout. 
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CHAPTER 5 F 
CONCLUSIONS AND RECOMMENDATIONS 


The tentative conclusions presented in this report are based upon 
& preliminary evaluation of the data, They may be changed upon further 
analysis of the present data or upon the development of additional data 
at the laboratory. 

Data from other projects will be required before conclusions can be 
drawn on Objectives 2 and 3, 


dol CONCLUSIONS 


1. The Cherokee air burst did not produce significant fallout in 
the Bikini Atoll. 

2. The early field gamendose-rate decay for fallout-contaminated ; 
islands in the Pacific Proving Ground is not significantly affected by 
the usual conditions of wind and rain. However, extremely heavy rains 
lesting for severel hours will, in the case of watersurface shots, in . 
crease the apparent rate of field ganma decay, 

3. ‘The aerial survey instrument used by this project provides a 
practical means of determining precise contamination levels at surface 
locations in high radiation fields, 

4. ‘The mximm radiation dose rates observed on the ground near 
the Lacrosse and Mohawk craters were higher than those reported after 
any previous nuclear detonation. 

5. The activity per unit weight of fallout resulting from land- 
surface bursts is higher at distant stations than at relatively close~in 
stations. 

6, For water-surface shots, fallout-sampling devices different 
from those used are required to collect meaningful samples. 

7. Seventy-five percent of the Lacrosse fallout activity was con 
tributed by pertially calcined coral particles which became contamin- 
ated throughout by contact with radioactive liquid. 

8 Twenty-five percent of the Lacrosse fallout activity was con= 
tributed sinte 
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To. Kimost all of the fallout activity from Shot Flathead was as~ 
sociated with a brown md. : 
5.2 RECOMMENDATIONS 


There are no recommendations at this time, 
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APPENDIX A 
EXPERIMENTAL EQUIPMENT 


Al INTERMITTENT FALLOUT COLLECTOR 


The intermittent fallout collector (IFC) is a modification of the 
collector used during Operations IVY, CASTLE, and TEAPOE (References 3, 
9, and 11). It consists of a circular steel. ‘tub, 40 inches in ddaneter 
and 24 inches in height; a cirewlar disc or spider, divided into 24 seo 
tors; a driving and timing mechanism; and a power supply. Twenty=two 
triangular sampling trays, each 3 3/8 by 10 a 3/4 inches deep, are 
placed into the sectors. The first and last sector are left empty. One 
tray at a time 1s exposed to bass surge or fallout or both through an 
opening the size of the sampling tray in the top cover. A door covers 
the sampling opening both before the initial and after the final sam 

The instrument is started by an external timing signal. A self~ 
contained interval clock timer controls a mechanism which moves the trays 
into sampling position. . Succeeding trays move into position under the ‘ 
cover opening at set time intervals until the cycle is completed, after - . 
thich the door closes and the machine shuts itself off. Two views of the 
intermittent fallowt collector are shown in Figures A.1 and A.2, 


’ 


4.2 GROSS-FALLOUT COLLECTOR 


The gross-fatlont collector is composed of a mtal support fram 
work and a conical liner with a door covering the opening. The Miner 
has an opening approximately 2 feet in diameter at the top. In the bot- 
tom of the cone, which is 5 inches in diameter, is 4 stainless-steel 
filter. There is a small hose below this going to a polyethylene bottle. 
Figure 4.3 shows the collector with the door open, and Figure A.4, shows 
the device with the door closed. 
The door opens and closes with a sliding action. It has a notched 
strip rack om its top and is driven by a 2/-volt direct-current motor 
through a chain-and-gear drive system. The sliding motion of the door 
is stopped when the door trips a mieroswitah at either the ‘fulleopen or 
the fulleclosed position,  - " 
The control system consists of a power relay for the control cit 
oultry, a power relay for the motor, a reversing relay for the armture, 
and a timing system composed of & direct-current motor and a preset 
register. The control system is actuated by the closing of a relay in 
an Edgerton, Germeshausen, and Grier, Inc. (EG&G) blue bax at the time 
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Figure 4.1 Intermittent fallout collector with 
cover open, exposing collecting trays. 


Figure A.2 Intermittent fallout collector with 
door closed. 
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Figure A.4 Gross fallout collector 
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an of the detonation. The motor immediately opens the door until it closes 
i the microswitch, which applies 2, volts.te the motor field end; atthe  -——-——- 
: seme time, shorts the armature, This stops the motor with ess than 
1/2 inch of sprocket travel. At the end of 11 hours, the timer actuites 
[ the circuit, and the reversing relay is de~energized. The motor then 
closes the door until it contacts the other microswitch. 
: During recovery, the door is opened manually, and a cover is put on 
: oe, ee the cone liner. After the hose is disconnected, the cone liner and the 
bottle are removed from the gross collector and transported to the lab 
oratory area. 


4,3 BASE-SURGE DETECTOR 


The base=surge detector consista of a sealed=beam light, photo 
voltaic cell, timer, inverter, and batteries. The photovoltaic cell and 
the sealed=beam light source are placed 3 feet above the grownd and 10 
feet apart inside heavy brass holders which are mounted on 4-inch pipes 
embedded in concrete blocks at the ground surface (Figure 4.5). 

As soon as the timing signal is received, is supplied from the 
batteries to the sealed=beam spotlight (6 vate’, the ATR inverter (12 
volts) and to the 1/30-rpm local timr (12 volts). 

Light from the sealed=beam lemp is focused on a Ge Ee W100 photo~ 
voltaic call located 10 feet away. 

The ATR inverter supplies 110 volts of alternating current to a 

. Brown electronic recorder. As soon as the power is tuned on, the chart 

. in the recorder starts, However, the electronic components require ap- 
proximately 20 seconds warm up before proper functioning. , 

‘ When the base surge arrives, light from the spotlight is attenuated, 
the signal from the Py=10 1s reduced, and the recorder pen is deflected, 
indicating the time of arrival of the base surge at the station. 

The 1/30-rpm timer disconnects the equipment at the end of 30 min- 
utes. : 


4.4 TAPE FALLOUT MONITOR 


The tape fallout monitor is an intermittent fallout collector using : 

adhesive tape for the sampling surface. The sampling surfaces are changed 
by pulling the tape through the collector with a 2volt direct=cireuit 
motor. The tape feeds from its supply reel over & roller, under the sam | 
pling pert in the cover, over another roller, and onto the power-driven | 
| 


take-up reel. There is another supply reel which contains 2 roll of 
Saranwrap, The Saranwrap covers the surface of the tape after the fall= 
out hes collected. The instrument is tilted slightly, so that water will 
i. Grain off the taps. The witer is collected in a polyethylene bottle. 
a) aS The control circuitryconsists of -a-power-relay;-two-timers;-two- 
i switching relays, and a register with the shutoff switch, Also in the 
collector is a microswitch operated by a screw on the side of the first 
. roller. The circuit is actuated by the closing switch in an EG&G blue - 
box at the time of detonation. The motor is energized until the tape has 
turned the first roller’ far enough to close the microswitch. This switch 


P= 


disconnects the power from the motor. The switches in the timera re~ tyes 
: activate the motor A relay each time they close. The first timer closes sss 
7 its switch every 2 minutes, thereby taking 30 samples the first hour, ; 
: Then the second timer disconnects the first timer, changing the sampling 
times to an hour each, and the instrument continues to operate for a a. 
total of 48 hours, There is a solenoid in the instrument which operates 
& ballepoint pen on the tape so that each sampling area is marked. 

The entire instrument is recovered from the field and the bottle . 
and tape are removed for counting. 
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A.5 DISTANT FALLOUT STATION 


The distant fallout station consists of a total fallout collector, 
two dust samplers-and a tape fallout monitor. 

The total fallout collector is a wooden box, 4 fest square, covered 
by & manually operated: sliding door. The inside’ of the bic is lined with 
cloth covered by aluminum foil. This liner collects the sample and is 
changed each time the box is used. 

The dust samplers are motomdriven blowers which draw the air and 
dust in the air through filter paper. 

The tape monitor is essentially the same as previously described, 
except that it is modified to collect hourly samples only. 

The equipment is mamually switched on and the box opens when ao- 
tivity starts to fall. It operates for a period of 2, hours, at which 
time the box is manually closed and the equimment switched off. . 


4.6 AERIAL SURVEY EQUIPMENT 


The aerial survey equipment consists of a radiation detector momted 
in a probe which can be lowered from a helicopter by means of a special 
cable and e powered reel. Figure A.6 shows the probe, tripod, meter, and 
control panel and Figure A.7, the control panel and winding mechanism in= 
stalled in an H-19 helicopter. The detector is wired through the special 
cable (four conductor, 1/8inch outside diameter) to a meter and control 
panel inside the helicopter. A maximum of 2,000 feet of cable is car 
ried on the reel, enabling the halicopter to hover in the air, lower the 
probe to the groumd, and obtain direct ground readings without exposing 
persomel to the full intensity of the ground radiation. 

Each direct ground reading is taken with the detector mounted in a 
probe with a tripod frame. The probe is designed to protect the detector 
chamber from mechanioal abuse, and the tripod (which is collapsible to 
facilitate handling and storage) holds the hasten 3 feet above the 
ground wile the readings are being taken. 

The radiation detector is a survey meter, Jordan Motel AGR~10K-SR, 
modified for use with the special cable and reel system, This meter uses é 
a metal~chelled ionization chamber of the Neher-Wite type. Sealed In- 
side is a subminiature tube in 10 atmospheres of pure argon, A relativély 
high-output current from the chamber flows directly te the indicating is 
meter, eliminating the need for complex circuitry. The response is log- 
arithmic, which makes possible the wide range of 0.01 nie to 10,000 r/br 
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Figure 4.5 Project 2.65 base~surge station - 
; on Oboe. 


: Figure 4.6 Tripod with probe and control 
panel of aerial. survey instrument. 
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Figure 4.6 Lacrosse calibration curve for aerial survey moter, 
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in three scales. Accuracy ia quoted at’ 10 percent of applied dose See, He 
rate anywhere on scale, The spectral response. of the instrument-is-made—-——— 
essentially flat between 75 kev and 1.3 Mev by the use of a lead absorber | | 
on the outside of the steel chamber shell and an alumimm secondary emit- 

. ter on the inside. 

; The reel, mounted in an alwnzinum frame, is operated by a Aevolt 

direct-ourrent motor powered by the helicopter's electrical system. The 

® motor is reversible, and its speed-control system incorporates dynamic i 
braking, enabling the reel operator to Lift or lower the probe at any i 
speed up to 500 feet per minute. There is an emergency brake on the 
reel and @ level-wind mechanism to prevent the cable from fouling. A 
counter is used to indicate the length of cable reeled out, 

The aerial survey instrument is designed as 4 portable unit, weigh= 
ing approximately 150 pounds. Installation in the helicopter involves . 
strapping the unit to the floor and mking a connection to the helicopterts 
electrical system, 

In addition to the helicopter pilots, a crew of two ia required to 
operate the serial survey instrument and monitor the helicopter. A sep- 
arate Survey meter, Jordan Model AGB~LOK~SR, is used to monitor the in= 
Side of the helicopter during each mission. 

In use, the probe is lowered through the side door of the H=19 heli= 
copter as it hovers above a checkpoint on the groud. When the tripod 
is on the ground, a reading is taken, the operator then reels in suffi- 
cient cable to clear obstructions, and the helicopter moves to the next 
checkpoint, where the procedure is repeated. 

i Another use of the aerial-survey instrument is to study air atten 
uation of the gamma radiation from fallout mterial on the ground. Data 
is obtained by the raising of the probe and taking of readings at various 

7 altitudes above an initial point on the ground. For this work the in- 
strument is equipped with a counter indicating the number of feet of cable 
suspended from the helicopter and an altimeter accurate to + 10 feet, 
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A.7 AGRIAL SURVEY METER CALIBRATION PROCEDURES 


Throughout Operation REDWING, the aerigi survey meter (ASM) was cale 
ibrated against 2 Imown source of Co°’, Co™ was chosen because of its 
availability and because its gamma energy levels (1.17 Mev and 1,33 Mev) 
fell within the flat-response region of the Tordan instrumnt. (The 
response of the Jordan ionization chamber is essentially independent of 
the energy of the gamma radiation from 80 kev to 1.3 Mev. The response 
drops off sharply below 70 kev.) 

Arrangements were made to use the Project 2.1 collimted source of | 
(i060 on Site Elmar, This source gave checkpoints from 100 mr/hr to 50 | 
r/or, All except a few of the ASH readings fall within this range. 
For Mohawk, where very high readings were expected, an gdditional 
: calibration was mde egainst the Project. 2.1.2" source-of Co, which 
gave checkpoints from 50 r/hr to 5,000 r/hr. This source was not avail» 
able when the high readings were taken on the Lacrosse crater survey. 
. The calibration procedure for Lacrosse and Zuni was to adjust the 
: instrument following the standard calibration procedure described in the 
Jordan literature, placing an open beta window over the built-in sr70 
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source. After the instrument was adjusted, the bete window was closed 
and a calibration curve wes run against the coliimated-Co? source ‘by: ean 
the placing of the chamber in known dose rates and plotting meter reade 3 
ings versus kmow dose rates, This curve wis then used to correct aub- 
sequent survey readings. The advantage of this procedure was that a 
calibration could be obtained in the field by using the built-in sr90 
source, However, this procedure was found unsatisfactory_and-was not. a 
used after Zuni, because the intensity of the built~in Sr?0 source is so 
low that even a slight amount of contamination on the chamber rendered 
the source useless for calibration purposes. Likewise, a high back 
ground, such as the level on Site Nan after Shot Zui, had the same ef~ 
fect.. 

After Zuni, the calibration procedure did not mike use of the built- 
in Sr90 source, Instead, the ingirunent was adjusted by the use of knowm 
intensities on the collimted Go source. The chanber was then placed 
in know dose retes from 100 mr/hr to 50 r/br and a calibration curve 
dravm up of meter readings versus radiation field. A typical curve is 
shown in Figure A.&, 

This calibration procedure was followed before each shot, and the 
calibration curve was used to correct all survey readings for the shot. 
No instrament adjustments were touched during this time. After these 
surveys were made, another calibration curve wes run before any instfu- 
ment adjustments were made. The calibration curves run before and after 
the shots showed no appreciable deviation, thus assuring the accuracy of 
the corrected survey readings. 

Stability tests were made on the ASM, and it was determined that 3 
there was no appreciable drift when the instrument ws used intermittent- 
ly over a@ Aneck period. These tests also showed that a 10-nimite var 
up period was sufficient and that there was no appreciable drift when “ 
the meter was left on continuously for a period of 2 hours, the appracdi= 
mate time of an atoll survey. 
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ANALYTICAL PROGEDURES 


Bei ANALYSIS @ BETA ACTIVITY PER UNIT WEIGHT 


Beta activities were determined by placing weighed portions of the 
samplés in stainlessesteel couting cups and counting with Tracerlab GM 
tubes having window thicknesses of less than 2 mg/am. The tubes were 
mounted in vertical lead shields, Technical Associates Model AL 144, hav 
ing a wall thickness of 2 inches of lead, 0.25 inches of brass, and 0.25 
inches of aluminum. A geomatry-defining brass plate was inserted between 
the G-M tube and the sample (Reference 20). The output of the tubes was 
fed into sealers, Atomic Instrument Company Model 1060, having a char~ 
acteristic resolving time of 5 }isec. 

The samples were counted for activity in the following muner: 
Samples with activities greater than 1,000 comts/min were counted for 
10,000 total counts; samples with activities less than 1,000 counts/min 
were counted for 10 minutes. Each sample was counted twice; in cases 
‘ where the two counts did not agree within one standard deviation, a third 
count was taken and the three counts averaged. 

It was necessary to apply several corrections in order to approxi- 
mate the actual disintegration rate of the semples. The method most com- 
monly used to obtain disintegration rate of a sample is to compare the 
sample under consideration with a mown source, counted in an identical 
manner, However, there is no one Imowm source wiich represents fission 
products containing many different isotopes. The procedure used here 
evaluated the various correction factors in terms of the sample itself 
and, thus, avoided the errors associated with a direct comparison with a 
single isotope standard, The procedure is outlined as follows: 

1. The readings were corrected for coincidence loss (Reference 21). 

2 The counts were corrected for geometry, Gp, defined as the per 
cent of solid angle subtended by the sensitive volume of the G-M tube, 
by a factor obtained using the first three terms of the Blachman series 
(Reference 22), Succeeding terms of this series are insignificant and 
were not used in this correction. 

3. Backescattering determinetion, f,, was made by placing small | 
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: amounts of the samples under consideration on rubber hydrochloride mounts 
and counting them with this arrangement, which almost completely elimi- 

i nated scattering. The same sample then had a stainless-steel bottom 

placed under it and a stainless-steel ring, to similate the sides of a | 
cup, placed aromd it. It was again counted in this arrangement, and the 
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following factor was obtained: 
. count of sample on film © 

ete tes 5.3) 
count of sample in similated cup Ty 


fh 


Such determinations are dependent on time and, therefore, apply only at = 
the time of determination. For this reason, this correction factor was 
obtained at the appracimte time the samples were counted. 
4. A correction was made for absorption by the sir between the 
sample and the tube window and by the tube window itself (Reference 23). 
To obtain this correction, precise mica-absorption cmrves were xm on 
samples from each shot. A correction factor, fy, was calculated from 
the equation: 


fy? : "i (B.2) 
° 


Where: +t = The thickness of material between sguree and 
Sensitive volume expressed in mg/cm“. 
nt = Corrected coumting rate observed with thickness 
t between the source and sensitive volume. 
: True beta coming rate at zero thickyess. 
u » The mass absorption coefficient in cn’ ‘Ang. 
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Where: nt.) + + Counting rate at thickness t+ A t, 


This method assumes that the effective range distribution of the beta 
particles extrapolated to zero range is an exponential having the sam 
slope when plotted on semilog papar as the slope of the measured portion 
of the absarption curve. 

5. Self-ebsorption and self-scattering corrections for the samples 
in question were considered negligible, since the weight per unit area 
was: kept to less than 10 mg/em*, 

According to Coryell and Sugarman, for @ oactive beta sample 
with a weight per unit area between 5 and 10 mg/om end in which the _ 
meximm energy of all individual emitters are greater than 0.4 Mev, the 
self-absorption self~scattering correction is negligible (Reference 24). 
Furthermore, according to Hunter and Ballou (Reference 25) the nuclides 
with mocbmm energies below this value that contribute more than 1 per 
cemt of the gross fission activity constitute approximately 10 percent 
of the activity of the sample at the time the measurements for this re- 

" port were mde, i,e., approximately at H+100 hours, ‘Therefore, the error ot 
! entailed by the assumption of a negligible correction should be 10 per 
cent or less. The practice of ignoring this correction has been further 
justified by comparison of the defined geometry method with 47 ocousting s 
techniques, 

6. The average sample beta activity A, wes treated by the above 
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corrections to obtain the sample activity A, in disintegrations per 


‘ 2 
Ag (dis/min} « Ay (comnts/in) (B.3) 
Gy fp By 


This method has been shown to give an accuracy within 10 percent with 2 
mixture of radionuclides (Reference 26). 

This activity in disintegrations per minute wes then divided by 
the weight of the sample to achieve the final result in disintegrations 
per minute per gram at time of coumting, 


“B.2. RADIOCHEMISTRY 


B.2.1 sal 6 Preparation. The solid fallout samples designated for 
radiochemica es were dried at 110°C for 30 mimrtes and accurately 
weighed to+ 0,1 mg before dissolution. Accurate volumes of the liquid 
fallout or suspensions vere taken for analysis after care was exercised 
in getting & homogeneous mixture. AL fallout samiles were treated with 
5 to 10 ml of G4 HCl. If any material failed to dissolve, it was filte~ 
ed, washed, transferred to an Erlenmeyer flesk, and evaporated to dryness 
three times with aqua regia. It was then taken up in 5 mM of GMHCLl. 

Any material still wdissolved was filtered, washed, and discarded. AIL 
the clear sclutions were combined and diluted to an appropriate volume 
with distilled water. 

The filter papers from the aircraft sampling of the cloud were cut 
into small pieces and digested with 10 ml of fuming HNO; for 30 minutes; 
10 mL of concentrated HCl were carefully added, and the digestion con- 
tinued for another 30 minntes; 2 ml of 70 percent perchloric acid were 
added, and the digestion was continued for a final 30 mimes. The clear 
solution was then evaporated to dryness, taken up in G1 HC], and diluted 


| to appropriate volume with distilled water, 


B.2,2 Radiochemical Separation and Sonne The details of the 
separation procedures are given in Section B.2.3. Generally, four ali- 
quots were taken for each analysis, and the average of the four was re- 
ported. In the analyses for Sro7, wov?, T31, Bel40, ani Colds, the 
final precipitates ware mounted in the centers of 3by~2=by-1/16-inch 
alumimm plates, The Ce44 precipitate was evenly spread in a 1/32inch 
depression 5/16 inch in diameter in the center of the alumimm plate, In 
the other analyses, the final precipitates were filtered through 7/8inch- 
Qlaneter filter papers, which were mounted in the center of the nlates 
after they had been weighed and the chemical yields of the separations 
determined, A film of rubber hydrochloride (0.45 mg/om*) was placed over 
‘the samples to eliminate eny rearrangement of the precipitate. ‘Jn the 
Tip"27 analyses, the final extractions were evaporated to dryness in sual 
alumimm planchets 15/16 inch in inside diameter and 1/4 inch high, Spo- 
cial aluminum: plates were fabricated with recessions in their centers to 
accomodate the small planchets. 
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ALL bete counting was done with thin end window Gf tubes mounted 
in lead pigs, Technical Associates Model AL U4. Séelera, Atomic tnstru= 


ment Company Model 1060, were used te record counts. ‘The GY tubes.were. - 


supported by the usual lucite stages, in which the distancas between the 
tube window and the absorber shelf, Shelf 1, Shelf 2, and Shelf 3, are 
0.8 omy 1.5 cm, 3.1 omy and 4.7. cm, respectively. 

Each sample was counted for a total of 10,000 comts or for a total 
counting time of 10 minutes. The former accounts for a 95~percent prob 
ability of being within 2 percent of the actual comting rete. The 10- 
minute time limit was expedient because of the large volume of counting 
that had to be done. An samples were counted through at least one half 
life, except for the SR°? and Ge44, The samples on the aluminum canis 
have only two possible orientations in the counting system, 180 degrees 
apart; the averages of the two orientations were used. No special ori- 
eutations for the planchets were minteined. , 

The individual nuclide activities were corrected (for radioactive 
decay) to zero tim, for chemical yield, and for self-absorption and 
self-scattering. Edch tube was calibrated for correction of counting 
rates to disintegration rates by actual measurement of 2 standard somes 
for each miclide analvazad. 


(b) (3) 


counter employed was an internal-sample, methane-flow comter operated in 
the proportional region. The ionizing gas was changed to a mixture of 

argon and methane about half way through the operation, A linear ampli- 
fier and an miltiscaler, Atomic Instrument Company Model 1060, were used 


in conjunction with the flow counter. The discriminator in the scaler 


was set to eliminate all es_but thos 
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"the gross beta activities ware masured on smll aliquots of dis- 


solved samples evaporated to dryness in glass planchets or cups. A film 
of rubber hydrochloride was glued over the tops of the planchets to 
prevent the absorption of moisture. In most cases the amount of mterial 
was small enough to eliminate sigificant self-absorptiomself=scattering 
corrections. 


2203 _Radtochent cal Separat The separation proce= 
dure for BaliU and SrS¥ is egsentially that of Glendenin (Reference 27). 
The only significant modification is that the barium is fMnelly precipi-~ 
tated and mounted as the chromite. The procedure consists of the pre= 
cipitation of barium and strontiwn as the nitrates using fuming HN03. 
The nitrates are dissolved and scavenged with Fe((H)3. The fins] separa- 
tion of barium from strontium is made by the precipitation of barium ag 
the chromate, followed by the precipitation of strontium as the omlate. 
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The cerium procedure was developed by Clendenin and others (Ref- -| 
erence 28). The substitution of ammmtm oxelate. for-oxelic-acid-as-the—.-——— 
precipitating agent was the only modification, The ceriun analysis ing | 
volyeg the oxidation of Ce” to Ce****, followed by the extraction of 
Ce from a 10 M BNO; solution with methyl isobutyl ketone, ‘the Cett+ 
is then reduced to Ce*?* and back-extracted into water. After adjust 
ment of the pi, the cerium is precipitated as the oxalate, ignited to 

| 
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~~ AS @ modification of the original procedure, the final 8 N HNO; 
acid extraction is evaporated to dryness in a 40-ml conical centrifuge 
tube, taken up in 1 ml of H90 with 3 drops of 30-percant Ho0), and evap- 
orated to dryness in an aluminum planchet. The Ho0-H-0> wash of the 
centrifuge tube is repeated onca. 


(b) (3) ; 
-. 
re 
. or es ere. : 
The AStTEMAMatLes of LY was’ perf as an estimation of Sr9? eon 
‘ centrations bo If a etrentivm seperation 4s perfdrmad several days after 


fission, Sr pnd Sr7¥ will be isolated, Thirty days after the strontium 
separation, Y°4 will have grown back into secular equilibrinm with sr%, 
Consequently, yttrium analysis of separated strontium samples permits en 
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estimtion of the sr? concentration. 


The procedure for yttriun by Stanley (Reference 32) was followed 


With one chetige in which petroleum ether was substituted for Guif Solvent 


BI. The procedure involves the extraction of the nitrate from concen 
trated HNO; solution with tritutyl phosphate diluted with petroleum ether. . 
The yttrium is back-extracted into water, precipliated as the oxalate, 
and igni yo %Q00. 

The I+ procedure of Glendenin and Metcalf (Reference 33) was fol~ 
lowed for analysis of this nuclide. The analysis calls for the oxidation 
of the I” with NaOCl, followed by an extraction with CCl,. The iodide is 
then reduced with 1M NaHS03 and back-extracted into water. After addi= 
tion of GM HNO3z and 1M NaNO, the Ig is extracted from the wter with 
CCly. Finally, the lodine-COl, layer is again treated with NeHSO; and 
extracted with water from which the iodine is then precipitated as Agt. 


B.3 PROCEDURE FOR DENSITY MEASUREMENTS 


The pycnometer procedure was used for the measurements of fallout 
density (Reference 34). The density of the fallout, D, was compited 
from the equation 

ds 
2S (B.4) 
8s ¢p¢Vdiew 


Where: d= Density of pyonometer liquid. 
s = Weight of fallout sample, — 
p = Weight of dry, empty pycnometer. 
V = Internal volume of pycnometer. . 
ws Total weight of pycnonmster, fallout sample, 
and liquid necessary to fill the pycnometer, 


Toluene was used as the pyenometer liquid, and a value of 0.861 
g/om was determined as its density at 25.5°C. The measurements vere 
made in an airconditioned laboratory trailer; no additional precautions 
were taken to maintain constant temperature. The pycnometer, fallout 
sample, and toluene were kept under reduced pressure with occasional 
swirling for 1 hour to facilitate the removal of air from the sample, 
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